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MklrthMti 


Sedlion     L 

Cff  the  Stereographic  ^roje^ion  of  the 

Sphere. 


% 


F  the  Semicircle  P  Q^S,  be  turned  about  upon  its  ' 

Diameter  P S,    (the  Diameter  P S  remaining  fixed 

as  an   Axis)   until  it  return  again  to   the  Place 

from  whence  itl>egan  tonioye,  each  Point  as  Q^  q^  - 

&e.  -will  <deicribe  the  Circumference  of  a  Circle, 

whofe  Radius  or  Semi-diameter  is  Cq^  cq,  &c.  and  ^ 

the  Arch  Pjj  Q^q  S^  will  generate  the  Surface  of  a  Sphere. 

And  fince  the  Radij  or  Semi-diameters  of 
.rhe  feveral  Circles  defcribed'  by  the  Points 
Q,  q,  &c.  are  as  the  Sines  of  the  refpedive 
Diftances  of  the  Points^^  q,  &c.  hrom  the 
Points  P  and  Sy  and  that  the  Kadius  or  Semi- 
diameter  CHL  of  ^he  Circle  generated  by  the 
Point  jQ^,  the  Sine  of  po  Degrees  is  the  great- 
eft  ot  alKthe  Sines,  it  follows,  that  the  Circle 
-generated  by  the  Point  Qj,  is  the  gr^teft  of 
,  all  the  Circles  defcribed  about  the  Axis  PCS ; 
and  inafmuch  as  this  Circle  divides  the  Sur- 
face of  tlm?  generated  Sphere  into  two  equal 

Aaaa  pare 


2'  Of'tht  Stereographic 

pin%  becaittfetbc  ?mf,Sldmdcs.  the  Acch  PQS.equsAty.  Gknce 
it  1$)  tlutt  CTcry  Qrde  that  divides  the  Siir&ce  of  die  Sphere  ift^ 
two  equal  pans  is  calted  a  goeac  Circle. 

Agip[n>  beduife  die  fc?eral  Circles  deftribed  by  the  Points  2^  f^  Sec/. 
becomt  lefieraod  IdTcr  as  cbe  Points  jr,  j,  approach  neater  ainl  neat^ 
er  to  the  Points  P  and  S,  but  yet  retain  their  Parallelifni:  one  to  ano-*^ 
ther«  and  to  the  great  Circle  defcribed  by  the  Point  jP  ;  and  foraf- 
much  as  each  of  tbefe  divide  ^he  Surface  otthe  generateH  Sphere  into 
two  unequal  Parts,  b^caiife  t^^  generating  Points  ^,  f ,  &c.  divide 
the  Arch  P  Q.S  unequally.  Hence^  itis«  that  every  Circle  that 
Surface  of  the  Sphere  divides  into  two  unequal  pints,  is  called 
$L  UJftr^  P^^tkhox  SmalLCirclt. 

The  two  Extream  Points  P  and  S  of  the  Axis  PS^  about  which 
the  Semi*circle  is  fuppofed  to  revolve,  ai»  called  rthe  Poles ;  and 
fince  each  of  thefe  Points  are  equially  diftant  from  every  Circle  de- 
faibed  by,  the  Points  Qj  q^  q,  &c.  Hence  it  is,  that  that  Point 
upon  the  Superficies  of  the  Sphere  which  is  every,  way  equally  dt- 
i^ant  (tom  any  Circle  defcribed  upoa.it,  is  called  the  Pole  ot  that 
Cirde.  • 

Hence  it  is,  that  every  Circle  whatibever,  defcribed  upon  the 
Superficies  of  the  Sphere  ^ba$  two  Polfis  ;  and  fince  every  fnmU  Gii^ 
cle  is  eqviidifta^t  froiri  fome  one  great  Circle,  it  follows. 

That  the  Poles  of  every  Small  Circle  are  the  fame  with  the  Poles 
of  that  Great  Circle  to  which  they  are  parallel.    Wherefore, 

All  Small  Cirdes  parall^to  each  odieir^  have  the  fame  common 
Poto. 

General  Definition 

Conceive  the  Eye  placed  fome  where  in  the  Superficies  o£  the 
Globe,  and  at  the^me  time  a  Plane  to  cut  the  Globe^,  and  to 
fiand  at  Right*ao^esto  the  Line  connefting  the  Centers  of  the  Globe 
and  Eye,  it  infimte  Right  Lines  be  imagined  to  flow  from  the  Eye> 
to  every  Point  in  the  urcumference  of  every  Qrcle  defcribtd  upon 
the  Spherical  Surface,  diey  will  trace  out  upon  the  cutting  Plane 
what  wc  call  a  Stere^grafbk  Projediau  of  the  Sphere. 

Whence  and  from  the  preceding  it  foUows^ 

I.  That  the  Eye  is  placed  in  one  of  the  Poles  of  that  Circle  thro' 

^hich  the ,  Plane  palfes^  and  upon  which  the  Projeftion   is  to  be 

I  formed 


^IwaBd,  whkk^Mr^lHiiiftkMi  Plaiief>(  the  Prtfjtilm^ 

alfo  die  Pole  oppofite  to  tlie  £yc  wt  cati  the  reitnoteft  Pole. 

2.  That  the  ^«/r  when  Pix^edlUUffl  the  Crjii^olF  the  i'W  of 

%.  ThM  A\  Great  Clftlei  #hick  interna  each  otfatr  in  the  lEft 
Fomt  (iftafmachas  thty  Ik  in  ilbe  TaiAe  Plane \^ith  the  Eye,  and thit 
tbecomnsM  ioterfefticti  oFtwo  Plaoes  is  a  fiit%ht  Line)  vrSi  wheh 
Projeded,  become  Rij^t  LihtSj  ititetfeaiiig^ach  other  in  the  Cen- 
ter or  Pole  <rf  Ptojeaaon. 

4.  That  the  Poles  oF  eircry  fach  Great  Circle  will  be  found  m  the 
Periphery  of  the  Plane  of  PiXJjc Aion,  at  the  diftance  of  90  Degrees 
<ya  <^adj»nt,  from  either  Intctfedion  of  the  Great  Circle,  widi 
the  Periphery  of  the  Plane  of  Projeftion*     - 

5.  That  every  faialt  Circle  which  paHes  thro' the  £ye»  will  be  re* 
pfdbted  in  the  Projeaion  by  a  Right  Lioe^  at  Right  Angles  to  that 
projefted  Great  Circle  which  pafles  tfiro^  the  Eye^d  cuts  the  Great 
Citde  to  wiiidi  the  ^mtJl  Circle  is  parallel,  at  Right  Ai^ks. 


6  That  the  Lines  flowing  from  the  Eye  to  the  Qircumierence  of 
every  other  Cirde  will  form  a  Cbnical  Sluperficies,  and  in  order  tb 
inqoht  into  the  Nltatt  and  Properties  of  thefe  Cirdcs  when  projec- 
ted, it  isneccfTary  to  premife  the  following  Lmmtts. 

Leimna    L 


IfaRigfatCone  Aht  Cor  fuct&  a  Cone 
whofe  Axis  AF  ftahds  at  Right  Arfgles 
to  i€$  docular  Bafe  BGC)  be  cut  by  a 
Plane  DIEH^  parallel  to  the  fiafe  of 
the  Cone  EGCy  the  Seaion  £>  lEy 
made  in  the  SuperKqes  of  thp  Cone, 
will  be  the  Circumferehot  of  a  Circle 
whde  Cemer  will  be  found  in  that 
Rl^t  Line  AP^  vM^  eoaneds  the  Ver- 
tex ^  of  tfatt  Cone,  and  Center  F^  its 
1^ 


A  aaa  % 


Let 


:^  .    Of  th  Stereo^rafik 

Let  tlie  Cone  be  cut  by  »  Plane  thro' the  Axis  ^f;  then  wlBllle 
tonimon  InterfeSion  of  this  PUne,  wuh  the  PUneD/E  parallel  to 
the  Bilfe  BGC,  be  the  Right  Line  DE  ;  which  Right  Line  Z)£  will 
■be  parallel,  to  the  Diamctef  of  the  fiafe  of  the  Cone  EC,  and  both  will 
Ivc  in  the  fame  Plane  ^aC  i  therefore  (ty  Pnp.  iht  1 8th  tf  I'm  tie  , 
■  »ff)itwillbe,«  AF: FB  -.-.ylH-.HDi  isiiiisAFi K:iAB: HE. . 
Wherefore,  (by  '*«  13th  j»<  nth  if.Pnp.  tbt  lixhy.tatt  «*<  ift>it_ 
will  be,  as  M  :  K:  :  i  HO  :  «Ei  but  fC  is  equal  to  SB,  thetefote 
HB  'S  equal  to  HE,  Agaio.to,.  any  other  Point  as  G,  in  the  Citcont- 
ference  of  the  Ba(e  oi  the  Cone,  from  the  Verte*  AdMW  the  Right 
Line  AG;  this  being  in^the  Superficies  of  the  CoDe,.fliall  cut  the 
Plane  thro'  DIE  fome  where  as  in  ^  and  draw  i//,  which  wilt  be  ' 
parallel  to  FG,  and  in  the  fame  Plane  with  it,  thtrefore,  as  AF: 
FG  •■'  AH -.HI.  Thetetore,  whereas  i^  equal  to  FB  is  equal  to 
FCt  H/ equal  to  HD  is  equal'to-HE  ;  and  the  fame  will  holtl  good 
•  whercverthe  Point '/lailts,  wherefore  the  SedionZ>/£  will  be  the 
Circumference  ofa Circle,  and  H  itsCeBtct  Oaj  Def.tht  ifthmd 

,«h  ./?«!*.  lit)     W-W-^';    ,       ^  u     ■     r   u     ^ 

If  the  Cone  ABC  had  been  a  Scalene  Cone,  tJiat  19,  fuch  a  Cone 
whofe  Axis  does  not  Hand  at  Right-angles  to  its  Ba{e,  yet  the  Sec- 
tion natlf  inthe.Superficics  of  this  Cone,  being  ciit  by  a  Plane  m- 
ratlelto  itsBafe,wiILbethe  Circumference  of  a  Circle,  asisevident 
from  the  preceding  Demonllration. 

Hence  and  from  the  General  Dc6nitioQ  it  follows^ 

I.  That  all  Small  Circles  parallel  to  the 
Plane  of  Projeaioo  will  become  Circles  ia 
fehe  Pivjefiion. 

'  ForletAieprefcDt  the  Eye,Mi/»  any. 

Small  Circle  parallel  to  thePlaiie  of  Projec- 

tioQ  a  hi  becaufe  the  Line  ep  dtawn  from 

ethe  Vertex  of  the  Cone,  to  s,  {lands  at 

'^  Right-angles  to  the  Plane  man,  the  Sec- 

'  ,.  tion  or  7f  made  in  the  Superficies  of  this 

-Cone  bytbe  Plane  aA  parallel  to  mdn,  wilLbe  the  CircumTeiencc 

.«f  iQrcle  bjL  tbe.former  ^>ri>iii. 

2.  That  they  will  all  have  oneeommon  Center  vix.s  the  Center 
•r  Po(e  ol  Projtftion.. 

■-,,.■  Est. 
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For  fince  the  Center  of  every  parallel  Cirde  will  be  Awnd  in 
the  Axis  of  the  Gxie  ep,  their  common  Reprefentation  in  the  Piano 
of  the  Proje&ioo  will  be  in  the  Point  c^  the  Center  of  the  Projec- 
tion* 

3.  That  their  conuDoiT  Center,  ndz.  the  Center  of  the  Proje&ioa 
will  be  their  common  Pole. 

For  the  Axis  of  the  Cone  which  conne&s  the  Eye  at  e  and/,  their 
Gommoft  Pole,  cuts  the  Plane  of  Proje&ion  in  c  the  Center* 

4.  That  their  Radius's  or  Semi-diameters,  will  be  eqaal  to*the 
Semi-tangents  of  their  diftances  from  the  remoteft  Pole  of  the  Pro*, 
jedion. 

For,  becauTe  the  Triangle  emn  is  the  Sedion  of  the  Cone  thro* 
die  Vertex  and  Center  of  its  Bafe,  therefore  oq  is  the  Diameter  of 
the  Circle  to  be  proje&ed ;.  and  €f  equal  to  «  r  its  Radios  or  Semi* 
diameter,  is  the  Tangent  of  the  Angle  ce  7  equal  to  half  the  Angle 
feuy  equal  to  the  Arch  jrn,  the  diftance  of  the  Small  Cirde  mduf 
to  bic  projeded>  from  P  the  remoteft  Pole. 

Lemma     ff. 

If  a  Scalene  Cone  ^BC,  be  cut  by  a 
Plane  FHGIy  not  parallel  to  the  Bafe,  yet 
So  that  it  cuts  off  a  pare  AFG,  fimilar  to 
die  whole,  the  Sedion  FJSG  made  in  the 
Superficies  of  the  Cone,  will  be  the  Citr- 
cumference  of  a  Circle. 

< 

Thro*  any  Point/,  ok  the  Line  JPt?,  or 
coQUDon  Interfedion  of  the  two  Planes 
ABC^vA  FFE*  Let  the  Cone  be  cue  by. 
a  Plane  DHEy  parallel  to  the  Bafe  of  the 
Gone  SCy.  then  wiir  tte  Sfedioh  I>}TE  be 
a  Circle  by  the  fivA  Lemma ;  MAHPthc  commoti  Tuteriedion  of  rliei 
two  Planes  DHl^nd  FUG  ho  perpendicular  ta  the  Lines  DE  and? 
Rr,luid  becaufe  the  Triangles  AFG,  ABCi  and  ADE  are  fimilar^' 
the  Triangles  GIEi  and  DIFzxt  fimilar,  (for  the  Angles /£G^;  lPl> 
are  equal,  as  arre  tne  Angles  GIE  and  DIF)  therefore,  as  G  iv  lE'^ 
i^.lD:  tF'i  fhefrfbrc,  (^x/iPb=/£x/0;  but  becaufe  H  ifc  in  ilict 
Cffcnvibrciicb  o#lhtt  Ckci9  l^NEy  and  /^l>QrpciKiicular  ta£>  $'^ 

thCKS^- 
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Hh  ki  theCirciimfibreiiccof  a  Circle  wiiofe  Diameter  is  *•<?,  and 
this  wHl  iiotd  go6d  in  wfaatfoewr  pare  of  <be  Line  fGxbc  Poiat  J 
be  uken  *,  wherefore  the  Seaioa  F/i^  made  in  the  Superficies  of 
the  Cone,  wkl  be  AeCircnmfiMewsc  of  a  Circle^    W-  W.  D. 

Whence  it  follows, 
1.  That  aH  Cin^  whatfoever,  (except  foch  as  lye  in  the  fame 
Plane  with  the  Eye,  whkh  have-been  already  coniidered)  tho'  they 
are  not  parallel  to  the  Periphery  of  the  Plane  of  Projeftion,  yet  be- 
come Circles  in  the  Prc^e^ioii. 

Fig.  u 


Voc,  let  t  repre&nt  the  Eye,  4#  the  Plane  of  the  Pnoje^oo,  p 
lis  repoteft  Pcrie,  and  iKm  the  Biameter  of  the  Circle  to  be  Aejec* 
ted ;  then  wiU  the  Tciaagle  enm  be  the  Sedion  of  the  Gone^  thsa' 
the  Vert»and  Centec  ot  the  Baie. 

Thro'  n di»w m r  parallel  to  g k^  then  is  fb^  A^sfe  '?•  ^oal  to 
4nr(hyJkfof.  tie  i^  Pmi  tie  i&)  t<ful  to  0mn  &)yCiT.  iit  i£t^ 
P9i9i.theiimP4nttkiiSt)MiihcAfi^msm  comaoii  to  the  Tri- 

v^fi^mud  Mf  i  tbisfMe  tlic  A^|l«c«9  it  cqwiM^      ^ 


^rtjeBiwt  (f  the  sphere.  ^- 

Oi  ^  Cor.^JPf^.  tii  sxh  K0f  the  lit)  inddie  TrituHf^ 4^j§mw6 
#«f  aiefiiiiU^  (kftbi  irSch  Dtf.  rfParttkif  lA)  bar  fubcotitxairilf : 
phceil^  whetefove  (bf  I^mMii  fAt  ^d)  if'nm  be  tfatJNMieteirci* » 
Circie  de&ribcd  ttpM  the  Superficies  of  tbe  Spbens,  ^f  fliall  be  rhe. 
Diameter  of  a  Circle^  aad^itsl^eptefebtiiciw  npOR  the  Phme  ol^tfae- 
Proje&ion  at. 

2.  That  the  Centes  and  Poles  o£  evoy  Great  Cirele  witt  be 
found  in  that  Diameter  when  projeded^  w^ch  conncfts  the  two 
Iflterfeftions  of  the  Qrcle  to  be  pcoje£ted,  and  a  Great  Orde jpa^ 
fing  tbro^  the  Eye^.  and  cuttii^  the  Periphery  of  the  Plane  of  rro- 
jeAion  at  Ri^bt  Angles,  or  which  is  the  fame  things  in  the  Reptc-- 
fentative  of  that  Great  Circle  which  cuts  the  Circle  to  be  proje&ed^. 
and  the  Plane  of  the  Ptojdftion  at  Right  Angles. 

Thus  in  Fig.  the  ift,  the  Center  and  Poles  of  the  Great  Circle 
» (if^  will  be  found  in  0  q^  the  Reprefcucative  of  the  Diameter  ;»ii' 
when  projefted,  which  conneds  the  two  Interfeftions  » and  my  o£. 
the  Great  Circle  nc  m  to  beProjeded,  with  the  Great  Circle  fnie 
moy  which  Great  Circle  fir^rm^t  pafles  thro^thcEye,  and  cuts  the. 
Cirde  ;i/»f  to  be  projc&ed,  and  the  Periphery  of  the  Plane  of  Pith* 
je£tion  at  Right  Aisles ;  which  projeAed  Dtamettr  for  Dsftin^on 
fake,  I  call  the  projefted  Axis    or  Line  of  Mcafutts. 

J.  Thatcvery  Small  Circle  will  have  its  projefted  Axis  in  that^ 
Line,  in  which  lies  the  ProjcfiHed  Axis  of  the  Great  Cirde  to  which 
itispan^llel. 

4.  That  the  Semi-tangents,  of  the  greateft  and  leaft  diftances  of*' 
any  Circle  from  the  tem^eft  Pole  of  Pro^ion,  fet  oft'  on  thtf  fame 
or  contrary  fides  of  the  Center  of  the  Proje&ion,  aycfae  Cafedirefts^ 
will  give  the  Interfe&ions  or  Extremities  oFthe  prOjcAed  Axis.  . 

5.  That  the.Projc6ted  Diametetor  Axis  ofcvery  Great  or  SiftaU  ' 
Circle,  within  whlcb  the  Pole  of  Prqje&ion  lies,  is  equal  to  the 
Sam  of  the  Semi-tangencs  of  the  greateft^  and  leaft  diftauces  of  that . 
Cirde  from  the  remoteft  Pole  of  the  Projeftion  $  thus,  in  Fig-  the 
ijf2  and  2^,  0  q  the  projefted  Diameter  01^  Aidsoi  the  Circle  ir  nf>  is 
equal  to  the  Sum  of  ccandcf,  the  Semi-tangents  of.  the  Arches 
mf  and  /  ir,  the  greateft  and  leaft  diftances  dfthal  Circle  from  f^ 
the  tcrooicft-  Pole  of  the  Projcftion* 

6.  That  che  Diameter  or  Projeded  Axis  of  erery  Small  Grcle, 
widxMit  which  the  rtmoteft  Pole  of  Projeftion  lies,  is  equal  to  the 
(fifincftoe  of  the  Semi-tangents  of  the  greateft  and^  leaft  diftances 

of 
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of  that  Circle  from  the  remotcft  Pole  of  the  ProjeAioii ;  thus,  m 
Fig.  the  id,  oq  the  projcded  Diameter  or  Axis  of  thermal  I  Circle 
»»,  is  equal  to  the  difference  between  ^  j  and  c  o,  the  Semi- tan- 
gents of  /> »  and  j>  w,  the  greatell  an^  ieaft  diftances  of  that  Circle 
from/^  the  remoteft  Pole  of  the  Projeftjon. 

7.  That  of  the  two  Poles  of  every  Great  Circlc^.and  coiifequcntly 
of  all  Small  Circles  parallel  to  it,  that  which  falls  within  the  Plane  of 
the  profeftion,  will  be  found  in  the  projetaed  Axis,  diftant  from  the 
Center  of  the  Prcyjcdion^  by  the  Scmi-tangcnt  of  the  Complement 
of  the  nearefl  diftance  of  that  Circle  from  die  remotcfl  Pole  of  the 
Prdjeftion ;  thus,  in  %.  the  r/2,  d  the  Pole  of  the  Circle  h  m,  is  di- 
ftant fromthe  Center  of  the  Proje6tion  by  the  Sprace  ot  dc,  the  Semi- 
tangent  of  the  Arch  xf,  the  Complement  to  a  Quadrant  of  the 
Arch/>»,  theneareft  diftance  of  the  Circle  ««,  from/  the  remdteft 
Pole  of  the  Projcdion. 

8.  That  its  other  Pole  will  be  ibund  in  the  prajcaed  Axis,  on  the 
contrary  fide  of  the  Center  of  the  Proicdion,  diftant  from  it  by  the 
Semi-tangent^of  the  projcated  Citclcs  ncareft  diftance,  to  the  re- 
luqteft  Pole  of  the  Prp^cdion  increafed  by  a  Qiiadraiit ;  thus  in 
iTr^V'the  ift,  the  exterior  Pole/of  the  Circle  «  w,  is  diftantfrom\he 
Center  r  of  the  Projeftion,  hy  the  diftance  ofcf,  the  Semi-tangent 
of/7,  the  ncareft  diftance  of  ^K,  of  the  projleftcd  Circle  from  the 
remoteft  Pole  /,  of  the  Projcftion  incteafed  by  a  Qiiadrant,  or 

fi.  By  Cor.  the  jth  we  arc  taught,  how  to  iind  the  interior  Pole  of 
aByprojcded  Great  Circle,  and  confequently  of  aJl  Small  Circles 
parallel  to  it,  by  fetting  off  the  Semi-tangent  of  the  Complement  of 
its  ncareft  diftance  from  the  remoteft  Pole  of  the  Proieaion,  in  its 
projcded  Axis,  from  the. Center  of  the  Projeaion  on  the  contrary 
iidt  to  that  in  whicli  the  projcded  Cirde  &Hs. 

10.  By  Cor.  the  Sth  we  are  taught,  how  to  find  the  exterior  Pole 
of  any  Great  Circle,  by  fetting  off  the  Semi-tangent  of  its  neareft 
diftance.  from  the  temoteft  Pole  of  the  Projeftion,  increafed  by  a 
Quadrant  in  its  projeded  Axis  from  the  Center,  on  the  ^me  fide  in 
which  the  projeaed  Circle  falls. 

a*.  It 
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It  has  been  fiiewo  in  Or.  n 
that  i(  mm  be  the  Diameter  of 
a  Great  Circle  defctibed  upon 
the  Superficies  of  the  Sphere, 
diat  0  £  fball  be  the  Diameter 
of  its  Keprefentative  upon  the 
Plane  of  Projedioo. 


Let  Pj  be  bifeded  in  z.,  and  draw  z.  e,  then  will  &  be  the  Center 
of  the  Great  Circle  to  be  projcded,  and  its  Radius  z  t  equal  &  q^ 
equal  to  %  0;  becaufe  z, €  is  equal  to  &  o^  the  Angle  %  ^ o  is  equal 
to  «,  #  ^  {hj  tht^tb  Cor.  of  Prof,  the  74,  Part  the  ifl)  equal  to  the  Angle. 
€ef{by  the  ^th  Cor.  of  Prop,  the  iSth  Part  the  ift)  for  the  Triangles 
^eqy  cqeyZxc  fimilar)  equal  to  half  the  Angle  fcu(ty  Prof,  the  1 1  tb 
P<trt  the  ifi)  wherefore  the  Angles  oex^Aceqzre  equal  to  fen,  and 
confequently  the  Angle  z^e  c  equal  to  n  c^  {hy  the  ^d Axiom)  now 
becaute  the  Angle  z*  c  f  isa  Right  Angle,  x,  c  will  be  the  Tangent,  and 
x^  the  Secant  of  the  Angle  z.^c  equal  to  mcbf  the  Complement  of 
the  neareft  diftance  of  the  Great  Circle  ncmy  tof  the  remoteft  Pole 
of  the  Projedion,  or  Inclination  of  the  Plane  of  the  Great  Circle  ta 
be  proje&ed,  to  the  Plane  of  Projedion,  to  the  Radius  ce. 

12.  Wherefore,  if  the  Semi-tangent  cf  the  Complement  of  the 
neareft  diftance  of  any  Gte^t  Circle  to  be  projefted,  from  the  remo* 
teft  Pole  of  the  Projedion,  be  fet  off  from  the  Center  in  the  Plane  of 
Froje&ion,  in  the  projefted  Axis  of  that  Great  Circle,  on  the  con^ 
trary  fide  of  the  Center  to  which  the  proje&ed  Circle  falls,  it  will 
give- the  Center  of  the  Circle  to  be  oroje&ed,  and  the  Secant  of  the 
iame  diftance  will  be  its  Radius  or  demi-diameter. 

I).  Letxtf  n  be  the  Diameter  of  any  Small  Circle  defcribed  upon  the 
Sdflftce  of  the  Sphere,  cutting  the  Plane  of  the  Projeftion  at  Right* 
angles,  ox  which  is  the  fame  thing,,  whofe  Poles  h  and  a  lie  in  the 
Periphery  of  the  Plane  of  Proje&ion,  then  will  0  ;  be  the  Diameter 
of  its  Repre&ntative  upon  the  Plane  of  Projeftion  ai;  bifeft  oq  iti 
x^  and  draw  z,  m,  and  m  c,  and  m  9,  then  wiU  z.  be  the  Center  of  the 
Small  Circle  to  be  proje&ed,  and  z.  m  equal  to  %  f ,  its  Semi-diame- 
ter. Becaufe  c  m  is  equal  to  c  e,  the  Angle  erne  is  equal  to  cem^  ($j 
Cw.  tie  4tb  ofPm.  the  2d  Part  the  jft)  equal  to  V  7  »y  (by  Cor.  the  «i, 
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of  Prop,  the  6th  Part  the 
1&)  for  the  Angles  c^e, 
Moq;  alfo  eco,  and 
cwq^  of  the  Triangles 
eco,  and  ontf,  are  e* 
qual)  equal  toqmz.,  for 
z.q  and  z,m  are  equal, 
therefore,  whereas  the 
'  Angle  cm q  is  a  Right 
Angle,  the  Angle  cmz^ 
fiiall  be  a  Right  Angle 
alto,  wherefore  mz,  is 
the  Tangent,  and  ck  the  Secant  of  the  Angle  m  cb\  or  Arch  m  *, 
the  diftance  of  the  Small  Circle  mouy  to  be  projeded  from  ics 
Pole  L  to  the  Radius  c  m* 

14.  Wherefore,  if  the  Secatit  of  the  diftance  of  any  Small  Circle 
which  cuts  the  Periphery  of  the  Plane  of  Projedion  at  Right-angles- 
from  its  Potej  be.  fet  off  from  the  Center  of  the  Projeftion  on  the 
fame  fide  on  which  the  Small  'Circle  fall5?,  it  will  give  the  Center 
of  the  Circle  to  be  proje&ed,  and  the  Tangent  of  the  fame  diflance 
will  be  its  Radius  or  Semi-diameter« 


Prop.  L    A  Theorem 

IhStereographic  ProjeHion,  the  Angles  made  by  the  Circles  on  the 
Surface  of  the  Sphere,  are  equal  to  the  Angles  made  by  their  Re* 

prefentatives  on  the  Plane  of 
tbeProjeia  ion. 

Suppofe  the  Eye  at  f ,  pro* 
jefting  the  Spherical  Angle 
tnfby  upon  the  Plane  aeh  zt 
.Right-angles  to  the  Plane  ap 
he  2X  the  Point  f,  I  fey  the 
Angle  sqdit  equal  10  the  An* 
gle  tnhy  equal  to  the  Angle 
^nd^  made  bythe  twoFladts 
fndhsmd  usfnu 

From 
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From  the  Angalar  Point  ft,  draw  ndand  ns^  tai^ntf  to  the 
two  Circles  nte  and  ntm. 

Becaufe  the  Planes  actb  and  md  are  both  perpendicular  to  the 
Plane  of  the  Circle  aftiby  Conftrudion,  their  common  Interfco- 
tion  ds,  will  be  perpendicular  co  the  Right  Line  ac  t  continued^  and 
jQonfequently  the  Angles  ^ij^  and  ndszve  Right  Angles. 
.  From  n  draw  n  m  parallel  to  ^  ^,  and  joyn  the  Points  e  and  m^ 
then  will  the  Angle  dne  be  equal  (iy  the  7th  Cor.  ^  Pr^if.  the  i  \th 
Tart  the  ift)  to  the  Angle  nme,  equal  (ty  Cor.  the  j^th  of  Prop,  the  id 
of  Part  the  jji)  to  mne  equal  to  (by  Prop,  tfje  $th  Part  the  iff)  to 
jtqd;  therefore  isnd  equal  to  dq^  wherefore  in  .the  Tri^ngler/  nd^ 
sqd  zrcnd  equal  to  q dy  the  Angles  nds  and  qds  ire  Rights  and 
the  fide  ds  common,  wherefore  (by  the  2d  Prop-  Part  the  ift)  the 
Angle  s^d  upon  the  Plane  of  the  Projeaion,  is  equal  to  the  Angle 
snd  made  by  the  two  Planes,  forming  the  Angle  tn4f  upon  the 
Spherical  Surface,  which  was  to  be  Demonftrated. 

Prop,  II.     A  Theorem, 

If  two  Circles  cah  and  *  ag  interfeft  each  other  in  the  Point  4, 
the  Angle  gah  formed  by  them  at  their  interfeftion,  Ihall  be  equil 
to  the  Angle  bac  made  by  the  Radij 
ab  and  a  c,  drawn  to  the  Point  of  In- 
terfe&ion  k. 

ConftruElion.  To  the  Point  of  Inter- 
feaion  a  draw  /^,  ^  Tangent  to  the 
Cv[6tguby  and  i^a  Tangent  to  the 
Xlircle  bac* 

Dem.  3ecaufe  the  infinitely  fmall 
Poctioos of  the  Grdes gab  and  ha r, 
do  coincide  with  the  Tangents  fa  and 
^d4tj  androonfequently  have  the  fame  Diredioh,  therefore  the  curved 
Uned  Angle  gah  formed  by  the  two  Circles,  is  equal  to  the  Right- 
lined  Angle / if  ^,  formed  by  the  Tangents/^  and  da  -,  and  becaufe 
thcAxif^fab  is  a  Right-angle  equ^  to  the  Angle  dac,  take  a- 
ixray  from  each  the  interjacent  Angle  bad,  and  there  will  remain 
the  Anglai.^^  cqq^l  to  the  Angle  fad,  equal  to  the  Angle.^a  A, 
■ '  ■  was  to  be  Demonftrated. 

Bbb  4      .  Hence 
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Hence  and  from  the  preceding  Propofitjon  we  are  tanght  how  ta 
Projeftany  Great  or  Small  Circle,  from  the  confidcration  of  the 
Angle  that  the  Plafte  erf"  the  Qrcle  to  be  projeftcd,  fiorms  with  the 
Plane  of  the  Projedion,  or  with  the  Plane  of  any  other  projcftcd 

Great  Circle. 

I.  Suppofe  it  were  required  to 

a  projed  the  Great  Circle  4^.^, 

that  fliall  form  a  given   Angle 

with  the  Periphery  of  the  Plane 

of  the  Proicttion. 


It  has  been  already  Ihewn, 
that  the  Centers  of  all  Great 
Circles  paffing  thro*  the  Points  « 
and  i,  (hall  be  found  in  the  Right 
Line  mdc  produced.  Wherefore, 
Draw  the  Line  a  n  forming  an  Angle  with  a  c,  equal  to  the  given 
Angle,  where  this  Line  cuts  mdcq,  as  in  »,  will  give  the  Center. 
Becaufe  the  Angle  acn  isa  Righi-angle,  c  n  will  be  the  Tangent 
of  the  Angle  $anjZvAan  the  Secant  of  the  fame  Angle ;  wheretore, 
if  the  Tangent  of  the  Ancle  that  any  Great  Circle  forms  with  the 
Periphery  of  the  Plane  of  the  Projcdion,  be  fet  off  in  its  projefted 
Axis,  it  will  give  the  Center  of  the  Circle  to  be  projefted,  and  the 
Secant  of  the  fame  Angle  will  be  the  Semi-diameter.    Again, 

2.  Suppofe  it  were  requi- 
red to  ptoje£ta  Great  Cir- 
cle, that  fliall  form  a  given 
Angle  with  the  projeded 
Circle  adb^  conlidered  as 
the  Periphery  of  the  Plane 
of  a  PiDJedion.  Thro'  n  the 
Center  of  the  given  Great 
Circle  adtp,  draw  xns^zt 
Right^anglestorf^,  becaufe 
all  Great  Circles  that  pais 
thro'thePoint  dy  of  theCircte 
xdsp^  wiU  interfed  the  Fe* 
riphery  of  thefasne  Circle. 
Again^.  in  /^  at  the  diftance 
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of  a  Semi-drde  from  the  Point  d,  therefore  the  Center  of  the  Circle 
to  be  proje&ed,  fhall  be  found  fomewhere  in  the  Line  x  s. 

Thro'  the  given  Point  d  draw  </%,  forming  an  Angle  eqaal  to  the 
given  Angle^  where  this  interfefts  the  Line  x  /  as  in  x,^  it  will  give 
Sie  Center. 

Becaufe  the  Angle  dux>  \%  z  Right-angle,  x.n  will  be  the  Tan- 
gent, and  ^z,  the  Secant  of  the  Angle  z^in^  to  the  Radius  dn. 

Wherefore,  if  the  Tangent  of  the  Angle  that  any  Great  Circle 
forms  with  the  Great  Circle  a  diy  be  fet  off  in  the  Line  n  /,  from  n 
the  Center  of  the  given  Circle,  ir  will  give  the  Center  of  the  Circle 
to  be  projefted,  and  the  Secant  of  the  fame  Angle  will  be  its  Scmi^ 
diimeter  to  the  Radius  dn^  of  the  Circle  fitfk  given. 

ylltt 

%.  Sappofe  k  were  required  to  projed  a 
Small  Circle,  that  fhall  pafs  thro' the  Point 
tf ,  at  the  diflance  oi  fa  from  its  Pole,  and 
fUnd  at  Right-angles  to  the  Periphery  of 
the  Plane  of  the  Proje&ion  xpon. 

From  c  the  Center  of  the  Plane  of  the 
Projedion,  to  a  the  given  Point,  draw 
the  Line  c<i^  and  at  Right-angles  to  it  the 

Line  a  m,  where  this  interfeds  the  Line  

arc/,  paffing  thro'/  the  Pole  of  the  Circle  to  be  dravmi,  it  will  give 
the  Point. 0f,  the  Center  of  the  Circle  to  be  prcjeded. 

Becaufe  the  Angle  c^^n  is  a  Richt-angle^  a  m  will  be  the  Tan- 
gent of  the  Arch  p  a,  the  diflance  otthe  Small  Circle  a  from  its  Pole 
f,  and  c  01  the  Secant  of  the  fame  diflance  to  the  Radius  caarcp. 

Wherefore,  if  the  Secant  of  the  diflanceof  any  Small  Circle  (that 
cuts  the  Planepf  the  ProjefUon  at  Right-angles)  ^om  its  Pole,  be  fet 
off  in  its  proje&ed  Axis  from  the  Center  of  the  Plane  of  Proje&ion, 
it  will  give  the  Center  of  the  Circle  to  be  proje&ed,  and  the  Tan^ 
gent  of  the  (kmc  diflance  will  be  its  Semi-diameter.  *  Again, 

A.  Suppofe  it  were  required  to  projeft  a  Small  Cirele  that  fhall^ 
pa»  thro'  the  Point  0,  at  the  diflance  of  q  n^  from  its  Pole  7,  and 
to  fland  at  Righrangles  to  the  Plane  of  tne  projefted  Great  Cir- 
cle iff  f 

Fromc 
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From  m  the  Center  of  the  given  Great 
Circle  to . .»,  draw  the  Right-line  m  «, 
and  at  Right  angles  to  it  the  Line  n  o, 
where  this  intci^fts  the  projefted  Axis 
Jf,  of  the  given  Great  Circle  as  in  o, 
gives  the  Center  ^f  the  Circle  to  be 
prpjc&cd, 

Becaufe  the  Angle  onm  is  a  Right- 
angle,  m  0  will  be  the  Secant  of  the  An- 
:gle  qtHHy  ando»  the  Tangent  of  the 
lame  Angle  to  the  Radius  mny  ovm  q^ 
of  the  Circle  aqi;,  wherefore  if  the  Secant  of  the  difta'nce  ol  the 
Point  n  from  its  Pole  5,  be  fet  oflffrom  m  the  Center -of  the  gi- 
ven^Circle  in  its  projeded  Axis  to  0,  it  will  give  the  Center  of  the 
Circle  to  be  projcfted,  and  the  Tangent  of  the  famediftance  will 
be  its  Semi-diameter. 

And"fihce  the  Angle  formed  by  the  Interfefiion  of  the  Planes  paf- 
iing  thro^  any  t\i^  Great  Circles,  is  the  fame  with  the  Inclination  of 
thi  two  Planes,  and  this  being  meafured  by  an  Arch  of  a  Great  Cir- 
xle,  intercepted  between  the  two  Planes,  at  a  Quadrantal  diftance  from 
the  Interfedion  of  the  Peripherys  of  the  two  Circles,  which  Arch  of 
Meafure  is  ever  equal  to  the  Complement  of  the  neareft  diftance,  of 
the  Periphery  of  one  of  the  Circles  from  the  Pole  of  the  other,  as 
any  one  may  readily  apprehend,  it  will  be  eafy  from  what  has  been 
-faid,  to  projed  any  Great  or  Small  Circle,  that  fhall  pafs  thro'  any 
Point  taken  at  pleafure,  in  any  given  projefted  Great  or  Small  Circle, 
with  any  poffible  Conditions,  and  from  any  poiSble  Data,  as  the 
^Reader  will  fee  niord  at  large  in  the  next  Scftipn. 


Prop. 


III.     J  Theorem. 

If  the  two  remoteft  Poles  P  ao4  ^» 
of  the  two  Great  Circles  ffO  an4  4  0,9 
be  conneded  together  by  the'Right-lioe 
PNy  and  about  this  Right-line  as  a 
Diameter,  a  Small  Cirde  PBDN,  be 
defcribed  upon  the  Surface  of  the  Sphere, 
the  Arches  BO  znddQj  of  the  two 
-Circles  ^Oand  ^^,  intercepted  between 
the  Great  Circle  Z  P  O  jg^iVH,  paffing 
^hro'  the  Poles  ?,  N,  S,  2,  of  the  Cir- 
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d^  HO  and  AQy  and  the  Small  Circle  PBDN  wiW  be  equal  one  to 
another^  alfo  the  Arches  h\>  and  dq^  of  the  parallels  po  and  aq^ 
equally  diftanc  from  the  Poles  Z  and  N^  contained  bscvceeii  the 
Small  Circles  PBDN,  and  the  Great  Circle  ZONH,  wiU  be  like^ife 
equal  one  to  another. 

For  becaufe  P  jg.  «  equal  to  iVO,  and  the  Afcli  O  Q^  common, 
therefore  is  the  Arch  PO  equal  to  N^  {by  the  id  Axiom)  again, 
becaufe  the  Arches  PD  and  MB  of  the  Small  Circle  PBDN  are  e- 
qual,  and  the  Arch  DB  common,  therefore  is  the  Arch  PB  equal  to 
ND  {by  the  id  Axiom)  Md  the  Angle  BPO  equal  ro  DNQ^  it  being 
the  Inclination  of  the  two  Planes,  therefore  the  Trianglts  OPB  and 
QND  are  equal,  and  confequently  the  Arch  BO  is  equal  ro  Djg. 

After  the  fame  manner  nuy  the  Triangles  Pbo  and  Ndq  be  proved 
equal,  and  confequently  the  Arches  to  and  i/y  of  the  Small  Circles 
H6o  and  adq  equal  one  to  another. 

It  the  Small  Circle  PBDN,  infinitely  extended  every  way  fromthc 
Center,  be  carried  about  upon  this  Line  PNas  an  Axis,  the  common;:  ^ 
&)terfe£Uon  ol  this  Plane  with  the  Surface  of  the  Sphere  will  always  ' 
be  a  Circle  ;  and  becaufe  the  Arches  P  O  and  NQ^  always  remain 
the  fame,  and  the  Arches  PB  and  iVD" are  conflaptly  equal  between 
themfelves,  and  the  Angle  JBPO  is  continually  equal  to  the  Angle 
DNQj  each  being  the  fame  with  the  Angles  formed  by  the  two  Planes, 
k  follows  that  the.  Arches  J?a  and  DQ^,  AD,  and  HB,  o\  the  Great 
Circles  {HO  3XidAQ^  and  the  Portions  b  o  and  dq,  a  d  and  A  ^  of  the 
Small  Circles  (h  o  and  a  q)  intercepted  between  this  Plane  (in  all  its 
various  Scituations)  and  the  Great  Circle  {ZONH)  will  be  equal  one 
to  another ;  alfo  the  Arches  DD  and  BB  of  the  Great  Circles,  and 
the  Portions  d  d  and  *  ^  of  the  Siaall  Circles,  intercepted  between 
this  Plane  in  any  two  different  Scituations  are  equal  each  to  each. 

Cor.  Whence  it  follows,  that  if  from  P  the  Pole  of  any  projeAed 
Great  Circle  CD  ADR,  two  Right  Lines  as  PDB,  PDB,  be  drawn, 
they  win  cut  otf  Arches  HB,  HB,  in  the  Periphery  of  the  Plane  of 
Projedion,  equal  to  the  Arches  DA,  At),  in  the  projcfted  Great  Cir- 
cle, intercepted  between  the  Lines  PB  and  the  Great  Circle  PZQO  • 
aHb  an  Arch  I>D  of  the  projefted  Great  Circle  CDDC,  equal  to 
the  Arch  BB,  of  the  Periphery  of  the  Plane  ot  the  P/ojedion  inter* 
opted  between  themfelves. 

In  the  following  Figure,  let  HCOE  reprefent  the  Plane  of  the  Great* 
CiideHCO^projemd^  the  Eye  being  placed  iniST,  then  will  the  Line 
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iVP  in  the  former  Figure,  be 
proj  eftcd  inthe  Point  P  in  this 
Figure  at  the  diftance  of  z,/, 
equal  to  the  Semi-tangent  of 
the  Arch  x,f ;  and  becaufe  the 
Small  Circle  de(cribed  about 
the  Line  NP  in  the  former 
Figure,  paflfes  thro'  the  Eye 
at  Ny  it  will  be  reprefented 
in  this  Figure  by  the  Right- 
Line  PjDJB  infinitely  extended 
both  ways,  (by  the  ^th  Cor. 
of  the  General  Defnition)  alio 
the  upper  Semi-circle  of  the 
Great  Circle  /ZZOiVin  the  former  Fijgure,  will  be  reprefented  by 
^  the  prpjeSed  Diameter  OZH  in  this  Figure ;  wherefore  by  the  pre- 
ceding Propofition,  the  Arches  DA^  ADj  of  the  projedcd  Great 
Circle  CD  ADC  y  will  be  equal  to  the  Arches  BHy  HB,  of  the  Peri- 
phery of  the  Plane  of  Projcdion,  and  confequently  the  whole  Arch 
DD  of  the  projedcd  Great  Circle,  will  be  equal  to  the  whole  Arch 
BB,  of  the  Periphery  ot  the  Plane  of  Projcdion,  cut  ofl*  by  the 
two  Right  Lines  PDB,  PDB,  drawn  from  P  the  Pole  of  the  Circle 
CDADE,  thro*  the  extremirics  D,  D,  of  the  Arch  DD.  W.  W.  D- 
Alfo  for  the  fame  Reafoh  the  Arches  th^  bb^  and  bh^  of  the 
Small  Circle  hbh  parallel  to  the  Plane  of Projedion,  cut  ofiby  the 
Right  Lines  PS,  P/f,  PS,  are  equal  to  the  Arches  da^  ad^  and  dd^ 
of  the  Small  Circle  ^^  J,  (which  is  parallel  to  the  projeded  Great 
Circle  CDADE^  and  as  far  diftant  from  its  upper  Pole  P,  as  the  given 
Parallel  is  diftant  from  the  under  Pole  iV)  cut  oflf  by  the  fame  Right 
Lines  PS,  PH,  Pb.         ^ 

If  to  aflifl  the  Imagination,  the  Reader  conceives  the  external  Pot- 
tions  of  the  infinite  Right  Lines  PB,  PH^  PB,  to  return  again,  and 
unite  in  the  Pole  or  Center  of  the  Projedion  Z,  be  will  readily  fee 
the  Reafon  of  this  whole  Corollary  without  the  Aflllbmce  of  the  fi^rm* 
cr  Demenflration. 


Prop, 
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If  the  two^nearcft  Poles  N  and  5,  of  the  two  Great  Circles  J9D; 
AQ^  be  conoeded  together  by  the  Right  Line  NS^  and  about  this 
Ri^t  Line  as  a  Diameter  a  Small  Circle  bedefcribed,  if  this  Small 
Circle  be  infinitely  extended  every  way  from  its  Center,  and 
this  infinite  Plane  be  carried  about  upon  the  Right  Line  N  S  zs 
an  Axis,  the  common  Interferon  of  this  Revolving  Plane  with  the 
Surface  of  the  Sphere,  will  always  be  a  Circle  reptefented  hy  sKDB 
RNy  and  will  cut  ofi' equal  Arches  AD  and  BOy  HR  ^nd  RQj,  in 
thofe  Great  Circles  AQ,  and  //O,  whofe  Poles  are  conneded  toge« 
ther ;  and  it  will  alfo  cut  oflf  equal  Arches  ad  and  bo^  hd  and  bq 
from  any  Parallels  or  Small  Circles  a  q  and  bo^  equally  remote  froin 
the  -Poles  S  and  ]^^  between  it  felf  and  the  Great  Circle  ZONH^ 
paffii^  thro'  the  Poles  Z,  P,  N^  and  5",  of  the  Great  Circles  HO 
and  A  J2j  ^d  of  the  Small  Circles  ho  and  aq^  but  on  the  contrary 
Side$. 


For  the  Trian^e$  5^Dand  ATSO,  SHK  and  NRQ^  sad  and 
Nb9  skd^  and  Nb^y  have  each  two  Sides  land  the  Angle  contained 
of  the  «nc,  equal  to  two  Sides  and  the  contained  Angle  of  the 
odier,  and  therefore  equal  in  all  refpeOs ;  wherefore,  &c.  as  waS 
to  be  Denionftrated.  -  £ 

Cwr  Whence  it  follows,  that  iJ  from  S  the  exterior  Pole  of 
the  Great  Circle  CDAQN,  Lines  as  SB,  SO,  SB,  be  drawn, 
they   i^iH    cat    off   equal  Arches    fiO>   *^   B-b,    in  the  Pe- 

^  C  c  c  . '  riphcxy 
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riphcry  of  the  Flanc  of  Projcaion,  equal  to  the  Arches  DA,  AD, 
DD,  in  the  Great  Circle  CD  ADC ;  alfo  Arches  bQ,  oh,  hby  m  the 
Parallel  bob,  equal  to  the  Arches  da,  ady  ddy  in  the  Parallel 
dad,  each.  Parallel  being  equally  diOaut  from  the  coonc&jd  Poles 
Z  and  S. 

For  i(tbcRM(tder  coQr 
ccives  the  Sphere  re** 
prefented  by  the  Figure 
belonging  to  tlie  ^b 
Pnp.  tol^aftually  Pro- 
jei^ed,  upon  the  Plane 
HCpCi  »  the  adjV 
cent  Figure  the  Eye 
being  fuppofed  in^A^^ 
he  ^soll  readily  perceive^ 
that  the  Great  Circle 
ACHixx  the  firft  Fi- 
gure, will  be  rcprefented  by  the  projcfted  Circle  CAC  in  the  latter* 
Alfo  the  Parallels  aq  and  no,  in  the  former  6y  the  Parallels  a  f  and 
bo  in  the  latter  ;  the  Line  NS  in  the  former  will  be  proje&ed  in 
the  Point  S  in  the  latter,  and  the  Small  Circle  defcribed  about  the 
Line  NS  will  be  reprefented  by  the  Right  Line  SD  dB^  in  its  diffe- 
rent Scituation,  and  the  Great  Circle  HZON  by  the  Right  Line 
SHAZO  infinitely  produced ;  wherefore  by  the  preceding  Propo- 
fition,  the  Arches  JD^,  A  D^  of  the  projeded  Great  Circle  CACy 
will  be  equal  to  the  Arches  jBO,  OB,  of  the  Periphery  of  the  Plane 
of  Projcftion,  and  confequently  the  whole  Arch  DD  of  the  one, 
will  be  equal  to  the  whole  Arch  ^J3  of  the  other ;  and  the  fame 
will  hold  good  for  the  Arches  dd^  and  bb,  of  the  Small  Circles  aq 
and  bo.    Wherefore,  (iTf.  as  was  to  be  Demonftratcd. 

Whence  it  follows  univerfally, 
I.  That  if  fix)m  cither  of  the  Poks  of  any  pro^^d  Great  Circle, 
Lbes  be  drawn  thro*  the  Extremitys  of  any  Part  or  S^mcnt  of  it, 
till  they  meet  the  Periphery  of  the  Plane  of  Projeftion,  they  will 
eut  ofi  from  it  on  that  Part  which  is  on  the  contrary  Side  of  the  Cen- 
ter of  Projefiion  with  the  Pole,  an  Arch  equivalent  to  the  Segment. 
or  Portion  of  the  proje^d  Arch. 

a.  That  if  from  either  of  the  Poles  of  any  projcfted  Small  Circle, 
Right  Iaws  be  drawn  to  the  Ex^emitjs  ot  any  Segment  or  Portioa 

of 


TrojeShott  of  the  Sphere.  fp 

©f  it  (2nd  continued  if  need  be)  they  will  cut  off  an  Arch  equivalent 
to  ity  in  thac^mall  Circle  which  is  parallel  to  the  Plane  of  the  Pro- 
ys&iifis  and  as  far  diftaat  f  rem  the  under  Pole  of  the  Pre/c&ioD^  as 
the  given  Small  Circle  is  diftant  From  the  Pbte  taken. 

Hence  we  are  taught  univerfally,  how  to  divide  any  proje&ed 
Great  or  Small  Circle  according  to  any  given  Ratio,  oir  to  meafurc 
aay  Part  or  Portion  of  either  ofthem  when  proje&ed. 


ot<vt^:  <ft/> 


Se(3:ioji.     II. 

Cont^iinihga  fetp  ^jy  Stereqjrpphical  Problems,  rvhofe  Solutions 
namrMy  fiow  from  the  BrincifUs  laid  ddn>n  i»  the  farmer 
Seffion^  of  great  Ufe  u$  the  Projeftion  of  the  Sphere,  ►  Con-r 
ftrufting  0}  Spherical  Triangles  \a»d  Aftronomical  Prob- 
lems. 

GREAT  Circles  with  refped  to  their  mutual  Inclinations  6t 
Pofitions  are  diftmguifhed  into 

I.  Right  Circles^  xhzx  is,  fuch  Circles  as  cut  the  Periphery  of  the 
Plane  or  Projefiion  ar  Right  Angles,  and  when  proiefted,  are  repre- 
fenced  by  Right  Lines,  interfering  each  other  in  the  Center  or  Pole 
of  the  Projedion.    Or,  . 

a.  OtlHfMi  Circles,  that  is,  fuch  Circles  ai  cut  tte  Perifbery  of' 
the  Plane  di  Pr^jiBiim  at  unequal  Angles,  and  io  the  Proje^ion  are 
reprefented  by  Circles  that  cut  the  Periphery  of  the  Plane  of 
the  Projeaion  into  two  equal  Parts  ;  and  conCequcntly  a  Right  Line 
connefting  their  Interfettions,  fliall  pafs  thro  the  Center  of  the  Pro- 
jeaion*  .n  .  .'     >.      -  

3.  The  Periphery  of  the  Plane  of  the  projeftion,  is  ufually  called 
ibc  Primitive  Circle. 


Ccc  1  trob.  L 
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PrthUm  I. 

To  draw  a  Great  Circle  that  (hall  paTs  thro'  any  two  givta  Points: 
in  the  Plane  of  the  Projedion. 

Cafe  the  ifi.  If  one  of  -the 
Points  be  in  the  Center,  and 
the  other  in  the  Primitive  Cip* 
cle  as  a^  or  in  fome  other  Point 
as/,  then  thro'  C  the  Center,, 
and  the  given  Point  a  or  /, 
draw  the  Right  Circle  af  c  t^ 
andithe  thing^is  done. 

Cafe  the  ti.  If  neither  of  the 
Points  pot  J  be  in  the  Center, 
I.  Thro^  one.of  the  Points  as /^>  draw^a  Diameter  xsafclf,  and 
crofs  it  at  Right  Angles  with  the  Diameter  d^$E. 

2«  Thro'  £  and  /  draw  the  Line  £/  m,  to  cut  the  Primitive  Cir« 
cle  in  m,  and  draw  the  Diameter  men. 

3.  Thro'  E  and  n  draw  the  Right  Line  E  n^  till  it  meet  the  Dia^ 
meter  af  c  h  produced  in  r. 

4.  Thro'  the  Points/,  gr,  and  r,  draw  a  Circle  {byCer.  the  pib 
cf  Prop,  the  i^th  Pert  the  iff)  and  the  thing  is  done. 

Dem.  For  bccaufe  ;»ii  is  the  Diameter  of  a  Great  Circle  defcrir 
bed  upon  the  Slipcrficics  of  the  Sphere,  p  r  (hall  be  the  Diameter  or 
its  Reprefentative  upon  the  Plane  of  the  Projedion  a  $ ;  and  confe?* 
qoently  every  Circle  that  paifesthro'  the  Points  r  and  q  fball  be  the 
Reprelettative  of  fome  Great  Circle  upon  the  Supemcies  of  the 
Sphere>  wherefore  the  Ckclefqr  ihall  be  a  Great  Circle.  fVW.D^ 

Pifoklem  2. 

^About  any  Point  as  a  Pole^  to  defcribe  a  Great  Circtb 

Cafi  1. 

If  the  Point  given  be  in  the  Center^  then  the  Primitve  Circle  is 
the  Great  Qrcle  required. 

Cajf  9. 

If  the  Poitit  given  be  in  the  Primitive  Ciide  as  A. 

Thro* 
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L  Thro'  d  and  the  Center  e  draw  the 
Diameter  d-^B^  and  draw  the  Right  Cir- 
cle tf  c^,  and  the  tiling  is  do^.   Or^ 

y  Set  oC  90  Degrees  or  a  Quadrant 
from'  dto  a  and  l,  and  draw  the  Right 
Circle  a  c  b^  which  will  be  the  Qrde 
required- 

Caji  j^ 

Ifthe  Point  be  neither  In  the  Cen- 
ter nor  in  the  Primitive  Circle,  but  in 
fome  other  Place  as  f. 

1.  Thro'^  the  given  Point  and  c  the: 
Centei^  draw '  the  Piameter,  dr  Ri^ht 
Citde  Eftd  znd  erofs^it  at  Right-' 
angles  wirii  the  Diameter  ach 

t.  tTfaro'  a  and  the  Point  f  draw  the  Line  ir]»  r;  and  fet  oflPpo  De^ 
giees  or  a  Quadrant  on  both  (ides  of  it  to  9  and  y. 

3.  Thro^a  and  the  Point  0  and  j^,  draw  the  Lines  an  and^j^,  xSS^ 
they  interfed  the  Diameter  ic£ produced  in  n  and  m. 

4.  Bifleft  If  m  in  the  Point  x»  then  will  z?  be  the^  Center^  ^d  zw 
01  &  i»  the  Radius  of  the  Qrcle  to  be  drawn; 

Or, 

2.  Having  dhiwn  the  Right  Line  af  ty  fet  off  the  ArcK  it  from 
f  to  X,  and  Snvr  jche.Line  a  %,  /,  then  will  tu  be  the  Center,  .and  -z^a 
the  Radius^f  the  Qrde  to  be  drawn. 

^.  Ifthe  diitance  hrom  /  the  Point  given,  to-rtHe  Center  oTthe^ 
Cirde  to  be  drawn  be  given,  fet  o£Pthe  Tangent  of  that  diftance  from^ 
c  to  ^f  and  the  Semi-rtangent  of  its  Complement  from  c  touy  then^ 
will  ;&  be  the  Center^  and  %,n  the  Radius  of  the.  Circle  to.  be  drawni^ 

Or,        ^ 
4.  Set  off  the  Secant  of  the  diftance  from  a  to  z*,  then  will  z.-. 
be  theCentcTvand  &;^.the  Radius  o^ the. Circle  to.be  drawn^  as 
before-- 


1^  0/  th  StiHbgr4finc 

Or, 

5.  Set  off  the  Chord  of  the  double  Diifamttitom  I  to  t^  anddnv 
aT.s(ox  the  Center  z.,  alfo  ferofi  the  Chord  of  the  Complemeni? 
from  b  to  Oy  and  draw  a  no  for  the  InterfeAion  or  Extremity  of  the 
Diameter,  then  will  x.  be  the  Ceotd-^  and  &  »  tbe  Radial  ojf  the 
Circle  to  be  dravvo. 

;  •  .     PfOhkm  5.  ; 

To  find  the  Pole  of  nny  frojeBtd  Great  Cinle,  fie  the  Figure  Mo9^i9^ 
to  the  preceding  Probkm. 

Cafe  i; 

if  the  Circle  given  be  the  Primitive  Circle  <f  J  ^  ^. 
•Find  the  Center  c-Cby  dr,  the  6th  of  Prof .  the  loth  Part  the  iff} 
and  you  havf  its  Pole, 


C4  ;»• 


\  Cafe  a.    -  .  ,  I 


If  theCtrde  given  be  a  Right  Cii^le,  or  fuch  a  Circle  as  is  re* 
prefcnted  in  thcFigure  by  the  Right  Line  a6. 
Solution.  Cr^U  it  at  Rig^r-angles  with  the  Diameter  dE^  and 

the'Pointsi  and  J?  wiU  be  the  Ppies..    \     i     ,  * 

Or  ' 

Set  ofTpo  Degrees  or  a  Quadiraat,  fron^  either  -^t  the  Ezti^airy^ 
a  and  b  of  the  given  Circle  ab^  ki  the  primitive  Circle  toi/  aad  E, 
then  will  d  and  £  be  the  Poles.  } 

Cafe  3. 

If  the  Circle  given  be  an  Oblique  Qtide  as  an  b. 

Solution,  I,  Thro'  a  one  of  the  InterftAioris  of  rfi^  Obltqae  Cfr^ 
cle  with  the  Primitive  Circle,  and  n  the  Inreriedien  of  the  fame 
Oblique  Circle  with  its  proje&ed  Axis,  draw  the  Right  Line  a  no, 
cutting  the  Primitive  Circle  ino-  ' 

X.  Sec  off  90  Degrees  or  a  Qnadraht  in  the  Primitive  Cin:le.  - 
both  ways  from  i>  to  x  and  6rom  ^  to  r,  and  draw  the  Lines  df  i 
and  /2x  ^,  cutting  the  proje^ed  Axis  produced  if  needbe,  in  f  aixl  ' 
q,  then  will  p  and  q  be  tlie  Poles  of  the  Circle  to  be  found 

Or, 

If  cif  the  neareft  diftance  of  the  OUique  Circle,  from  r  the  Cen- 
ter of  the  Primitive  Circle  or  Pole  of  Proje^Sion  be  given,  fet  off- 
tliC  Semi-tangent  of  that  diftance  plus  90  Degrees,  from  c  the  Cea* 

lei- 


TrojfiBm  (fth*  Sphen;  XJ^ 

tcr  of  the  Primitive  Circle,  on  the  fame  fide  of  the  Center  that  the 
Oblique  Circle  fut^fatls  in  the  prQJc(^ed  Axis,  to  ^,  and  you  have 
one  o^'the  Poles,  and  the  Semi-tangent  of  the  Complement  of  the 
iarae  diftance,  fet  ofiffrom  the'Cetitcr  on  the  contrary  hde  in  the  Axis 
tof,  will  give  the  other  Pole  f. 

Prptlem  4. 

About  any  Point  as  a  Pole,  to  defcribe  a  Lcflcr  or  Small  Circle, 
or  which  is  the  fame  thing,  to  draw  a  Small  Cirde  paralkl  to  any 
given  Great  Circle.      - 

Cafe  t. 
It  the  Point  given  be  the  Center  of  the  Primitive  Circle,  or  which 
is  the  fame  things  if  the  Qrde  to  be  drawn  be  a  parallel  to  the  Pri^ 
mitive  Circle. 

Solution. 

1.  By  the  Chordsy  fet  pS  the  Chord 
of  the  diftance  of  the  Small  Circle  from 
ics  Pole  in  the  Primitive  Circle,  from  d 
to  «,  or  from  d  to  u^  or  its  difiance 
from  the  Great  Circle  to  which  it  \% 
required  to  be  parallel,  from  a  to  m,  or 
from^  to  Mj  and  draw  the  Lin&£  m  or 
£  j^  where  either  of  thefe  Lines  inter^ 
fed  the  Dianjeter  a  ^  as  in  a  or  ;,  gtves^ 
one  loterGs&ion  of  the  Diameter  of  the 
Circle  to  be  dVawn,^  of  which  c  is  the 
Ceater>  and  co  or  c  j  the  Radius. 

2.  By  the  Semi^ta^ius^  with  the  Semi-tangent  ofthe.dtftaaccoiF' 
the  Small  Ciccit  frpmr  the  Pole  pf  the  Prpje&ion,  or  the  Semirtan^ « 
gent  of  the  Complement  of  its' diflance  from  the  Great  Circle^  to^ 
which  it  is  required  to  be  parallel,  between  the  Points  of  the  Com- 
pafles,  fettiiig  one  Foot  in  the  Center  or  Pole  c,  with.tl^  otfeer  de*- 
fcribe  the  Lcfler  ^  ;,  aad  the  thing  is  done- 

Cafe  %. 

If  the  Point  gircn  be  in  the  Primitive  Circle  at  rf,  or  which  is  the 
Umc  thing,  if  the  Small  Circle  to  be  drawn  be  required  to  be  pa- 
rallel to  the  Right  Circle  a  by  and  which  mufl  therefore  of  neccffity 
cut  the  Plane  of  Projcftion  at  Right-angles. 

Solution; 


Solution. 

J.  By  the  Chords  ^  fet  off  die  Chofd 

^f  the  Small  Circle's  Pittance  from  its 

.  Pole  dyio  m  and  ^  or  the  Chord  o£ 

its  diftance  from  the GreatCiccle  ac  t, 

to  which  it  is  required  to  be  parallel^ 

from  a  to  m,  and  from  ^  to  n,  and 

draw  the Lioes  amq  and  af  it,  where 

thefe  Lines  interfed  the  Axis^jia 

g  and^j  will  give  the  two  Extrcmitys 

ofthe  Diameter  of  the 'Circled  to  be 

projeAed,    the  middle   Point  x.  -of 

which  willl>e  the  Center^  and  x.  ^  or 

Zsp^  the  Radios  of  the  Circle  to  be 

xlrawn^ 

Or, 

2.  Drawxn  a  Tangent  to  the  Point 

n,  or  at  Right^angles  to  the  Radius 

citt  of  the  Primitive  Circle  adtE, 

where*  diis  ititcrfefts  the  projeded 

Avs  in  jc,  gives  the  Center  4)f^he  Small  Circle  to i)e  drawn,  of 

wfcich  z,  ft  will  be  the  Radius. 

Or, 
j.vHaving  found  the  Points  of  Interfedion  m  and  n  as  btfore, 

-  with  the  Tangent  of  the  Small  Circle's  diftance  from  its  Pole  d,  or 
the  Tangent  of  the  Complement  of  its  diftance  from  the  Great  Cir- 
cle act^to  which  it  is  required  to  be  parallel,  between  the  Points 
of  the  Compaffes,  fetting  one  Foot  in  w  om,  with  the  other  crofs 
the  projeded  Axis  in  as,  then  will  «.  be  the  Center,  and  the  diftance 
between  the  Points  of  the  CompaiTes,  the  Radios  of  the  Circle  to 

be  drawn.  _ 

Or, 

4.  Having  fet  off  the  Semi-tangent  of  the  Small  Cirde's  diftance 
ftom  the  Great  Circle  to  which  it  is  to4)e  parallel,  or  the  Comple- 
ment of  its  diftance  from  the  given  Pole  in  the  projeded  Axis  from 
€  top,  it  will  give  one  Interfcdion  of  the  Cffclc  to  be  drawn,  and 
the  Secant  of  the  diftance  of  the  Small  Circle  from  the  Great  Circle 

-  to  whickit'is  to  be  parallel ;  or  of  the  Complement,  ot  its  diftance 
from  the  given  Pble,^  ict  offirom  c  the  <::€nter  of  the  Primitve  Circle, 


in 
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m  the  projc&cd  Axis  the  fame  way  to  Zr,  will  give  the  Center  of  the 
Circle  to  be  dravm^  wbofe  Radius  will  be  z,p. 

J.  Having  found  the  Intcrfcdion /,  by  the  help  of  the  Semi-tan- 
gent of  the  Small  Circle's  diftance  from  the  Great  Circle  to  which  it 
is  to  be  parallel,  fct  off  from  thence  the  Tangent  of  the  Small  Circle's 
diftance  from  its  Pole  in  the  Axis  from  f  to  Jt,  then  will  z,  be  the 
Center,  and  x.P  the  Senai-diameter  of  the  Cirde  to  be  drawn. 

Or, 

6.  Having  fet  off  the  Semi-tangent  of  the  SmalK Circle's  diftance 
from  the  Great  Circle  to  which  it  is  to  be  parallel,  or  the  Semi« 
tangentof  the  Complcmcnc<of  its  diftance  from  its  Pole,  in  the  Axis 
from  c  topf  it  will  give  one  Interfc£tion  of  the  Diameter,  and  the  Se- 
imtangent  of  the  fame  diftance  plus  po  Degrees  or  a  Qiiadrant,  fet  off 
thcr  fame  way  in  the  Axis  from  c  to  y,  will  give  the  other  Extremity 
of  the  Diameter  the  middle  Point  wherefore  z,,  will  be  the  Center^ 
aod  the  diftance'^^/-  or  os^^jr;  will  be  the  Semi-diameten 

9 

Cafe  J. 

-If  the  Point  given  be  neither  in  the  Center  nor  in  the  Primitive  Cir- 
cle, bac4bmewhere  within  the  Circle  as  at/,  or  which  is  the  fame 
thing,  fuppofe  it  were  required  to 
draw  a  Small  Circle  parallel  tp  a  -d^ 

given  Oblique  Circle  a  si. 

Sotutm. 

1.  By  the  Chords,  i.  Thro*  / 
the  Point  given,  and  a  the  Pole  of 
the  projeded  Axis  dcE,  draw  the 
Line  afm  to  interfed  the  Primi- 
tive Ciixle  inm. 

X.  Setoff  the  Chord  of  the  Small 
Circle's  diftance  from  the  given 
Point  or  Pole  or  the  Complemcnrof 
its  diftance  from  the  Great  Circle  to 
which  it  is  required  to  be  parallel, 
bomm  to  n,  and  from  m  to  o,  or 

Ddd  from 


^J 


m 
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and  a  sc  £ ;  where  thefe  iocec(eft  th(»  proje^ed  Axiis  m  r  ^ad  f^  otnk 
t  zxiizsy  wHlgiye  the  l^sremicieso/^thc  JDiftiwiers  r  q.m^tjx^  of  the 
Circles  to  b^  di^wn^  tte  xxii4dle  Poim  ofegdi  of  vrhkh  will  bC;  the 
Ccatcrs;  or,     ' 

If  the  d^nce  of  the  Poittt  p  from  c  the  Center  of  the  Qr^e  ot 
Pole  of  the  Projea^on  i>e  knoiwm^  ami  the  diflwce  of -the  Small 
Circle  from  its  Pole  or  given  Poipt  >,  be  lefs  than  the  diftance  be- 
tween the  giveni  Point  p  and  theC^nter  c; 

Then  fet  off  the  Sen^i-tangent  erf"  the  S»nat  and:  Difference  oi  tha 
diftances  of  the  Sraajl. Circle iiroiu  its  Polc^  and.of  the  Pole  or  given 
Point,  from  the  Ccnt<;r  of  the  Projeftipn,  on  the  fame  Side  of  tKc 
Center  of  the  Primitive  Cirde  that  the  Pole  i^  of  in  the  projefted 
Axis,  from  ^  to  r  and  j,  and  you  will  have  the  Extream  Piwnrs  r  and 
j„  of  the  Diameter  c  y,  of  the  Small  Circle  to  be  drawn.    But, 

If  the  diftance  of  the  Sm^U  Circle  fron^  its^  Pole  bp  greater  than 
the  diftance  of  the  Pole,  or  given  Point  fromjhc  Center  of  the  Pro- 
jeftion. 

Then  fet  off  the  Semi- tangent  of  the  Sum  of  the  Small  Circle's  di- 
ftance &om  its  Pole,  and  the  diftance  oi  the  two  Poles  in  thepro* 
)e£bsd  Axis,  from.c  the  Center  of  the  Primitive  Circle,  on  the  (ame 
fide  as  the  Pole  is  of,  to  1 ;  and  you  have  one  Interfe&ion,  and.  die 
Semi-tangent  of  the  difference  betwQen;thediftance  of  the  Small  Cir- 
cle from  its  Pole,  and  thediQance  between  the  two  Poles  fet  off.  from 
the  Center  r,  on  the  contrary  Side  to  «,,  will  give  the  other  Interfec* 
tion  of  the  Diameter  t.  ^,  of  the  Circle  to  bedrawn^  the  middle 
Point  of  which  wiUbc.  the  Centec 

Cafe  4. 

If  the  diftance  of  the  Small  Circle  to  be  drawn  from  its  Pole  p^  be  . 
equal  to  the  Supplement  of  the  diftance  of  .the  Point  p  from  the 
Center  of  the  Proje6tion  r,  then  in  this  Cafe,  the  Small  Circle  pa(&s 
thro'  the  Eye  Point,  and  will  be  reprefented  by  a  ilreight  Line,  as. 
fv)h  (by  C^r.  the  %tb,fif  the  General  Difimtiom^f  the  fwrmr  SeSiiu) 
at  Right-angles  to  the  proj^ed  Axis,  at  the  diftance  o(  cw,  from 
,the  Center  oi  the  Primitive  Circle,  eqgal  tp  the  Tangent  of  the  Com-* 
plement  of  the  diftance  of/  the  given  PoLit,  from  €  the  Center,  and. 
confcquentiy  it  interfefts  the  proje&ed  Axis. in  the  Centerof  the 
Great  Circle  that  pafl'es  thro'  the  giyen Point/. 

Whence 


Whence  it  is  obvious,  that  all  Small  Qrclcs  whofe  diftance  from 
the  Pole^,  is  greater  than  the  Supplement  of  the  diftance  of  the 
Pomt/  from  trc  Center  c,  or  Pole  m  the  Primitive  Circle,  will  hare 
their  Centers  on  the  contrary  Side  of  the  Small  Circle  /  to\  that  the 
Poinc  is  of,  ud  will  revolve  about  the  Exterior  Pole. 

Problem  $.     ' 

To  find  the  Pole  of  any  projeded  Small  Cirde. 

General  Solutien.  Find  the  roles  of  the  Great  Circles  to  which 
the  Small  Circle  is  parallel,  and  you  have  the  Poles  of  the  SmaU 
Cirde  required.    But, 

If  the.  Great  Cirde  to  which  the  Small  Circle  is  parallel,  be  not 
given. 

Then  (See  the  freceding  Figure)  Thro'  a  the  Pole  of  the  Small  Cir- 
cle's proje&ed  Axis,  and  the  two  Extremitys  q  and  r,  aiid  t*  and  r,  of 
the  Small  Circle's  projected  Diameters  f  r  or  «*  /,  draw  the  Linti 
afn^  and  aro^  or  ax^k^  and  alt^  and  bifed  the  Arches  ut  oc 
k  /,  in  the  Point  m,  and  draw  the  Line  afm^  whete  this  intcrftfts 
the  projeded  Axis  in  j»,  will  give  the  Pote  of  the  Small  Circle  ;  r» 
or  c  /,  requirol  to  be  (bund. 

« 

Problems. 

From  any  given  Point  in  a  projcdcd  Great  Cirde,  to  cut  off  an 
Arch  equal  in  quantity  to  any  givtn  Arch,  or  which  is  the  fame 
thing,  to  lay  off  any  Number  of  Degrees  in  a  given  Great  Circle, 
from  a  given  Point. 

Gemral  Silutiin.  i.  Thro'  the  Pole  of  the  given  Great  Circle,' 
and  the  given  Point,  draw  a  Right  Line  to  interfeft  the  Primitive 


a.  From  thfs  Interfcftion  fet  off  the  Number  of  Degrees  in  the 
Primitive  Circle,  oh  that  $ide  as  the  Cafe  requires. 

3.  From  the  Point  laft  found,  to  the  Pole  oi  the  given  Great  Cir- 
cle, draw  a  Right  Line,  where  this  Right  Line  Jnterfeds  the  givca 
pcojeded  Great  Circle,  will  give  the  other  Extremity  of  the  Arch 
to  be  cut  off,  and  the  Portion  of  the  Great  Circle  contained  between 
the  Point  fij^givefi  and  the  Point  laft  found,  will  conuin  the  given 
Number  of  "Dqsvce^.. 
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Cafe  I. 

If  the  given  Great  Circle  be  the  Primi- 
tive Circle,  ie^  off  the  Number  of  Degrees 
in  the  Periphery,  from  u  the  given  Point 
to  m^  and  the  thing  is  done;  and  nm  is 
the  Arch  required.. 


Cafe,  2; 

If  the  given  Great  Circle  bt  a  Right  Circle  zsact,'  and  the  given:' 
Pbint  be  ft. 

Solution. 

» 

i:  From  Eov  /,^the  Pdles  o(  the  given  Great  Cirdc'  act,  thro^ 
the  given  Point  0,  draw  the  Right  Lines  Eon,  or- iU.y^  to  interfeft 
the  Periphery  in  «  or  r. 

-2.  From  the-InteFfe&ion  n  ovy,  fetoff  the  Number  o^  Degrees 
Xhe^Areh  muft  contain,  from  nxom^  or  iVom  y  to  x,  and  draw  the 
Lines  £w  orrfx,  where  either  of  thefe  interred  the  given  Greac 
Circle  as  in.  jr^  will  give  the  other  Extremity  of  the  Arch  q  0,  equal 
in  Quantity  to  the  given  Arch^  or  that  fhall  contain  the  fame 
Kumber  of  Degrees^ 

If  phe  Point  given  were  the  Center  of  the  Primitive  Circle  as  c,  fee 
ofCthe^Semivt^rtgent  of  the  Arch  from  c  to  03  ot  from-  c  toy,  ac-^ 
cording  as  the  Cafe  difcfts ;  and  the  Points  0  or  y,  will  give  the  o- 
thwr  Extremity  of  the  Arch  to  be  found,  for  c  0  is  the  Semi-tangenc* 
of  the  htcXxdh^ 

If  the  given  PcJint  were  0,  and  the  diflance  of  the  Point  0  from  the 
Center  f  wereugiven,  and  thelengxh  of  the  given  Arch^eater  thair 
theAr^h  c  0.  In  this  Cafe  fet  ofl'the  Sefni-tangent  of  the  Excefsfrom 
cto^  on  the  contrary  Side  of  the  Center,  and  tlie  Point  j  ^yill  be  the 
oxher  Extremity  oFthe  Arch  y  0  to  be' cut  off. ' '  " 

But  if  the  Lengthof  the  given  Arch  be  greater  than  thediflancc  oP 
the  Point  0  from  the  Cctater  of  the  Prbjeftion  c,  in  this  Cafe  fet  off. 
thcSemi-tangent  of  the  Excefs  of  the  Atch  c  0,  abbve  the  given  Ardi 
•  0,  from  €  CO  si,  on  the  fame  Siderof  thedentcr  r,  and  the  Points- 
will  be  the  other  Extremity  of  the  Arch  x  0,  to  trlaid  offr 
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2f 


If  the  given  Great  Circle  i)c- an  Oblique  Circle,  as  ait;  and 
Ae  given  Point  be  o. 

Solution.  I .  From  f  or  z  the  Poles^  of  the  given  Great  Circle  a  st^ 
thro*  the  given  Point  0,  draw  the  Right  Lines  /  o  »,  orxo/,  to  in* 
tcrfcd  the  Periphery  in  nory. 

a.  From  the  Interfe^lions  »  or  j',  Tct  off 
thjc  Number  of  Degrees  the  Arch  muft  con- 
tain, from  if  to  «f,  orfrom  jr  tox,  and  draw 
the  Lints  PqfHy  or  z^qxj  where  cither  of 
thefe  interted  the  given  Great  Circle  as  in 
9f  will  give  the  other  Extremity  9)  of  the 
Arch  qoi  equal  in  Quantity  to  the  given 
Arch,  or  that  (hall  cootainxbe  Number  .ofr 
Dcgcees  required. 

Hence  and  fr6m  Cor.  4th,  q^  Prop,  the  2  J  of  the  former  SeWony  we 
are  uught  a  very  ready  way  of  defcribing  g  Parallel  or  SnuU  Circle 
about  any  Point  q  as  a  Pole, 

I.  For  Having  drawn  a  Great  Qrcle 
aqi,  thro'  the  given  Point  5,  fct  off' 
the  dillance  of  the  Small  Circle  from- 
its  Pote  from  Y  tor:- 

3.  From  z,  the  Center  of  the  Glrac 
Circle  aqi  tor,  draw  the  Right  Line - 
z  r,  and  at   Right*anjgles   to  it  nr, 
then  will    jti.be    the   Centa:>   about* • 
which  if  a  Small  Circle  be.;dcrcribed-ac  . 
the  diflanceof^r,  the  tbingis  done.   ^ 

This  Method  is  very  uleful  in  the  draiwing'  of  Parallbr$^in  any 
Sttreopfipftic  Proje&ion  of  the  Sphere^  about  any-  Pole,  whesr  rite 
PoleJaUs  within  the  Plane  of  the  Projedion. 


Wbt" 
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For  Having  drawn  the  infiniteLineV  q  s 
a  Tan|eDC  to  the  Gr»t 'Circle  aqbj'in 
the  Point ;,  lay  off  tKe  D^ees  of  di*- 
{lance  of  the  Small  Circle  from  its  Pole 
jf,  in  the  Great  Circle  from  f  to  r,  by 
the  former  Pr^tlem,  this  will  give  one 
loterfefi^on  of  the  Small  Circle  to  be 
drawn ;  and  if  from  it  the  Center  of 
the  Great  Circle  aqt^  thro'  the  Pjoint 
r  the  Right  Line  «.  r  /  be  drawn,  it 
wUl  intoned  the  Tangent  /f  i  in  the 

Point  J,  at  the  diftance  of  jf  /  from  the  Pole  j^  the  Semi-diameter  or 

{Udius  of  the  fame  Circle- 

Problem  7. 

ToMeafure  any  Part  or  Portion  of  a:pro|eded  Great  Gitde. 

Gineral  Solutim.  Find  the  Pole  of  the  given  Great  Circle,  and 
draw  a  couple  of  Right  Lines  from  the  Pole  thro'  the  two  Extremi- 
ties of  the  Arch  to  be  meafufed,  and  the  Arch  cut  off  in  the  Pnmi* 
tire  Circle,  will  give  its  Meafurc. 

If  the  Circle  given  be  the  Pnmitive  Circle,  then  the  Center  is  the 
Pole,  and  any  Arch  of  the  Circumference  as  a  m,  applied  to  the 
Line  of  Chords,  will  give  the  number  of  Degrees  it  contains  :  See 
the  Figures  belonging  to  the  former  PrcHem. 

Cafe  2. 

If  the  Ciifcle  given  be  a  Right  Circle  as  4t  c^,  and  the  Arch  to  be 
meafurfcd  be^  «. 

SolutieH.  Thro' £  or  i,  the  Poles  of  tlie  Ch'cle  4  c  ^,  and  the  Ex- 
tremities f  and  0  of  the  Arch  q  0,  draw  a  couple  of  Right  Lines  as 
£oir  and  Eqm^  on/ ^r- and  d^^^  and  t)it  Afch  iHu  6txj  of  the 
Primitive  Circle,  cut  ott  by  the  cwo  Lind^  is  e<|lial  to  fts  Meafure^ 
and  applied  to  the  Line  ot  Chords  wilt  give  the  number  6f  Degrees 
it  contains.    Or, 

The  Sum  of  the  Arches  €0  and.  cq^  meafuttd  upon  the  Line  of 
kali  Tangent^  will  give  the  Quantity  of  the  Arch  q  a* 

Oife 


Cafes. 
Ifthe  Circle  gifCR  bean  Qj^eGsck  as  tfi^,  and  the  Arch  to 

AluMA  Thro'/  ot  z.  the  Poles  of  the  Circle  « xA,  and  the  E»- 
tremities  f  and  0  of  the  Arch  j  a  to  be  meafurcd ;  draw  a  couple  of 
Ri^tIJnesas/tf»and/j«,  ovx^oy  andxjx,  and  the  Arch  w »; 
orxjr,.of  the  Primitiro Circle  cut  offby  thetwo Right  Lines,  is 
caaal  in  quantity  to  the  given  Arch  «  g ;  and  being  applied  to  the  Line 
of  Chords,  will  giyc  the  number  of  Degrees  it  contains. 

Then  are  m^  ways  finr  Mnfurit^  ar  l^if^  dovm  an  jfrch  of  a 
frtfjeihd  Great  Circk,  h$t  tbefe  that  1  have  made  Ufe  if  are  the  readi-^ 
efjer  PraSlke,  and  the  froferefi  fw  my  frefent  Bufinefs. 

VrMem  %. 

To  lay  down  any  Nujnbcr  of  Degrees  on  any  projeded  Small  Cir- 
cle, from  any  given  Point,  and  on  the  contrary,  to  meafureany 
Pare  or  Portion  of  a^mall  Cirde  when  proje&ed. 


■        « 


Cafe  I. 

If  the  Small  Qrcle  given  be  parallel  to  the  Primitive  Circle,  and 
die  given  Point  be  a^  from  whence  the  Degrees  are  to  be  laid  off. 

Mutien-  Throve  the  Center  of  the  Primi-  ^  :i 

rive  Cirde,  and  a  the  given  Point,  draw  the  >'^'^**"*'*vr' 
Line  €ad^  to  cut  the  Primitive  Circle  in  d, 
from  whence  lay  off  the  Number  of  Degrees 
to  «,  and  draw  the  Line  cm,  where  this  ( ,  I  c^ — fe — ]f^ 
cuts  the  Small  Circle  as  in  b,  will  give  the 
other  Extremiry  of  the  Arch  a  ^,  which  (haU 
contain  the  Number  of  Degrees  required. 

On  the  contrary ,>y  drawing  two  Lines  from  c  thro^^f  and  >,  the 
Extremities  of ^ny  Pare  or  Portion  o(  the  Small  Cirde  at,  we  fhal) 
bve  an  Arch  dm^  cat  off  in  the  Printitive  Circle,  equal  in  Vatne  to 
the  given  Arch  «^,  and  whidr  applied^  to  the  Line  of  Chords  will 
fife  the  Number  of  Degrees  it  doe#  contain. 

If  the  Radius  c  ^  be  applied  to  the  Line  of  Chords  upon  the 
Sedor,  the  Arch  a^  applied  to  the  fame  Line  of  Chords^  wiU  fhew 
the  Nimibcr  of  Digce^s  it  contains. 

On 


-9  2  Sterecgraplical  ^rohlemsl 

On  the  contrary,  the  Number  of  Degrees  the  Arch  is  to  conttkiy 
taken  ofl'  from,  the  fame  Sedcor,  and  fee  ofl  in  the  Periphtry  of  the 
Sttiall  Circle,  from  a  the  given  Point  to  *,  will  give  the  other  Extre- 
mity of  the  Arch  at,,  riut  fluU  contain  the  given  Nurmfeer  of'Dc- 
greesi 

'Xafe  2.        .     ' 

^Ifthc  Small  Circle  given  mucn,  J>e'par^lel  to^a  Right 
and  the  given  Point  be  «, 

I.  Confiderthediftance  of  the  Small 
Circle  niz,un  from  its  Pole  d^  and  dc- 
fcribc  aSpiaUCirclesr^j,  at  the  di- 
ftance   of  its  Supplement  from  .  the 

Point  c.  «  ,       ,     *        i 

t.  From  d  the  Pole,  thro  u  the 
gi^n  Point,  draw,  the  Right  Lin« 
duf,  aiid  fet  off  the  Number  of -De- 
grees the  Arch  is  to  contain  from  r  to 
r,  and  draw  the  Line  tz^i,  where 
this  interfcifts  the  Small  Circle ,  m  n 
in.jc>  will  give  the  other  Extremity  i:>f  the  Arch  ««»,  that  fliall  con- 
tain the  given  Number  of  I^egrces. 
.  ~  Or, 

•"Having  drawn  the  Small  Circle  x  j[,  at  the  fame  diftancc  from  c 
.as  the  given  Small  Circle  m  n  is,  diftant  from  its  Pole  d. 

Thro'  a  the  other  Pole  of  the  given  Small  Circle  and  *  the  given 
Point  tt,  draw  the  Right  Line  auy^  and  fet  off' the  Number  of  the 
Degrees  the  Arch  is  to  contain,  in  the  Periphery  x)f  the  Small  Cirtle 
lall  drawn  from  y  to  x,  and  draw  a  Xy  which  will  interfeft  the  Small 
Arch  Iff »  in  X,  the  bther^flxtrcmity  of  the  Arch  u  z.  required,  that 
fliall  contain  the  Numbcfof  Degrees  given. 

•On  the  contrai^,  by  drawing  a  couple  of  Right  Lines  from. ^, 
the  Pole  of  the  Sniall  Circle  wn,  thro' the  Extf  emitiea  z.  and  u  of 
any:  Arch  x»,  they  will  cut  off'  an  Arch  r^  equal  in  quantity  to 
the  Arch  x  ii  in  that  Small  Circle  q  rt,  whofe  diftancc  from  the 
Centers,  is  equal  to  the  Supplement  of  the  diftance  of  the  Points 
,  from  the  Small  Circle  given.    Or, 

ByjdrawingAi:ouple  of  Lines  from  «,  the  remoteft-Pole  of  the 
Small  Circle  Tj^i^,  thro'tlje  Extren»tic$  z,  and  u  of  any  Arch  «»  u 

of 


*,f  *"7  ^^  *  "»  they  will  cnt  oTan  Arch  xy,  equal  in  quantity  to 
the  Arch  x,u  m  that  Small  Circle  xy,  which  is  as&r  diftaac  from 
the  Cater  c  of  rfj^  Primitive  Qtde,  as  die  oeaceft  Pole  d  is  diltant 
from  the  Small  Circle  mm.  . 

Cafi  J. 

If  the  Small  Qrclc  given,  be  parallel  to  an  Oblique  Circle  as  a  /> 
and  cbe  given  Point  be  IT. 

i«  As  iQ  the  former  dife^  To  in  this 
coofider  cbedifiance  of  the  Small  Circle 
given  from  either  of  its  Poles »  and  de- 
Icribe  a  iimall  Circle  as  x^,  as  hx  dif- 
tint  from  the  under  Pole  of  the  projec- 
ted Circle.  A 


1.  Thro'^  and  the  given  Poipt*, 
draw  the  ^ght  Line  fy  u  to  cut  the 
Periphery  of  the  Small  Circle  xj  in/, 
and  ict  otf"  dbe  Degrees  the  Arch  is  to 
contain  from  y  to  x,  and  draw  the  Line  /  &  x,  where  fids  cuts  the 
Small  Cirde  ^  if  in  z»,  it  will  give  the  other  Extremity  a:*  of  the  Arch 
&  IT,  that  ihaU  conuin  the  Number  of  Degrees  given. 

On  the  contratv,  by  drawing  Lines  from  /  the  Pok  of^the  Snult 
Circle  x,M^  fhro'  the  two  Extremities  z.  and  u  of  any  Arcn  x,  u,  they 
will  cot  off  an  Arch  xj,  equal  in  Value  to*the  given  Arch  « iv,  in 
that  Small  Circfe  which  is  drawn  about  the  Center  e  as  a^Pole, 
and  as  for  diftanc  from  it  as  is  the  Supplement  of  the  dffi^ct  of 
die  given  Small  Circle  ft  jr,  from  its  ^olej^    Qr  ^ 

UmveriaUy,  iihro*  the  two  g[ven  Poles  of  the  given  Sinall  Circle 
ind  tbe  given  Pointy  draw  a  ureat  Circle^  and  Yet  oiF  th^  Number 
of  D^recs  from  the  Interfe&ion  of  this  Great  Cir£le>  with  the  Great 
CSicle  to  which  the  given  Small  Circle  is  parallel  in  the  given  Great 
C^clc;  a  Great  Circle  ilruck  thro^tfae  given  Poles  and  tl^  Pqjntlaft 
baod^  will  cut  oflf  an  Arch  in  the  Sniall  Circle,  equal  in  Quantity 
ID  the  giTeo  Aidi,  or  which  fi^ll  CMtain  the  gi^a  Number  of  De^ 

.  Oo  die  contrary,  by  drawing  two  Grea^  Circles  thro'  the  Poles 

i£  ttisoMM*  fimsll-  Circle  »nA  nie  Extremities  of  the  «ven  Am4>. 


Accb  ia  ?bat  Greit  .Cirde  to  Yrhich  th»  giv^ 


SvmII  Cird<  is  ptrallel)  cqa«i  in  V«Iue  to  the  giveii  Arch  of  lAe  g^ 
vtfi  Small  Circle. 

Htnce  wc  arc  taught,  How  to  divide  any  given  Parallel  or  SpoaP 
Circle,  in  any  given  Ratio  -,  or  bow  to  meatoe  any  9vct  or  Portioii 
of  it  when  prodded. 

Prehhm  q. 

Thro*  a  given  Poittt'todraw  a  Great  Cirdc^  tbat  fhall  form  a  gi- 
ren  Angle  with  a  given  Great  Ctrclt. 

This  Prctlim  being  of  great  UFe  m  the  Conftmding  ttfAberical 
TriangUs  and  AJhonQmical  PrcUems,  I  (hall  exempli^  ic  ckfo  all  the 
VaciecieS)  and  that  it  may  be  the  better  underftood^  it  isnecdQfarjr 
t9  explain  what  is  meari^  by  a  Sfherical  Angk. 

^Spherical  Angle  is  formed  hj  tfyf  meeting  together  or  hterfeSlion  of 
t'Wow:eat  Clrcki  upon  the  Surface  of  the  Sphtre,  and  is  rke^ured  ty  an 
Arch  of  «  Great  Circle ,  at  a  Quadrant al  diftdnce  firoptethe  Angular 
Point ;  xvhertforey  if  about  anj  Angular  Point  as  a  Pole^  a  Great  Circle 
he  dtfcribed^  the  Arch  of  that  Great  Circle  inttrcepted  or  contained  hf^ 
tween  the  fwo  Circles  which  confHtute  the  Angle ,  is  the  )meafure  thereff. 

.   lo-thc  adjacent  Figare,  let  da  eh  r^rtffent  a  Great  Circle,  rfnf, 
doe^  two  bthct  Gre*  Circles,,  infetfcfikrng  hv  the  Pbints  d  and  e^ 

and  forming  with  it  two  Spiierieal  Angits 
adn  and  a doy  and  between  therafeli^s che 
Si^erical  Angle  ndoj  it  is  mantf^  ^t 
the  Archer  an^  a&j  mdno,  of  the  Great 
<Sircle  ac  h^  defaibed  abcmt  the  Angttlar 
Point /f  as  a  PcHe,  and  intercepted  between 
the  Arches  ady  ndy  and  o  /,  is  tiie  Meafiiie 
of  the  Angles  adn^^a  d$,  ttd  n  di^. 
e  ' 

Let  /  and  j  tepte&at  the  Poles  of  the  Circles  dn  t  and  d4  #^ 
wlierefore,  becauft  c  a  is  equal  to  Pn^  and  the  Arch  en  conniofi^ 
ip  wiU  be  equal  to  an,  and  for  the  fame  teafon  r f  will  be  equal 
t0  «  tf,  and  p  q  will  be  equal,  to  n  a.    Whence  it  follows. 

That  th^  Arch  of 'the  Great  Circle  deftribed  about  the  Angular 
Pgint  as  a  Pole,  and  intercepted  between  the  Potei  of  At  two 
'Cirdes  that  coimitute  the  Angte^,  k  equal  i9  the  Mea|bre  mtQqm^ 
t^ity  ot  the  concained  Angle*  ^    -  uimce 


■ — t 


Hence  the  Pole  ofoQC  Circle  being  given,  vsre  ate  uught  hov^  to 
fed  the  Pole  of  another  Circlet  that  (hall  form  any  Angle  with  the 
given  Great  Circle,  vit,  by  laying  ofif  the  Number  of  C^rees  the 
Af^\t  muft  contain,  (in  that  Oreat  Circle  which  is  at  a  Qjaadran^ 
tal  dilbnce  irom  the  Angular  Point)  from  the  given  Pde,  an4  the 
Point  laft  found  will  be  the  Pole  of  the  Circle  to  be  drawn. 

Hence  we  are  taught  a  general  Solution  of  the  former  PrMemy  as 
follows, 

•*  ^  About  the  Point  given  as  a  Pole,  defcribei  Great  Circle,  and  if 
the  Point  given  be  m  the  Great  Cirde  with  which  the  Ai^e  is  to  be 
formed. 

Set  off  the  Number  of  Degrees  the  Angle  muft  contaiit  in  that 
Great  Circle,  from  the  Pole  or  the  given  Circle,  and  the  Point  laft 
found  will  be  the  Pole  of  the  Circle  to  bc<lrawn.    But     ,  .  • 

If  the  given  Point  be  not  in  the  Great  Circle  with  which  thp  Av  # 
glc  is  to  be  formed , 

About  die  Pole  of  the  given  Circle,  defctibe  a  Small  Circle  at' 
the  diftance  of  the  Quantity  of  the  given  Ai^e,  where  this  parallel 
inteifefts  the  Great  Circle  (dfawn  about  the  Angular  Point  as  a  Pole), 
it  wS  give  the  Pole  of  the  Circle  to  be  drawn. 

Cafi  ,.  '.  - 

If  the  given  Great  Circle  be  a  Right  Ctrde  a^  «  c#,  and  (he  gi» 
Ten  Point  be  the  Center  of  the  Primitive  Circle  as  r,  and  the  Angle* 
to  beConftniAed  he  a  cm. 

SetoS'Ae  Quantity  of  the  Angle  or  Nimiber  of  Degrees  k  Muft^ 
contain^  in  rfie  prhnitivt  Circle,  m>m  ithe  Pole  of  the  Ri^  Cil*^ 
to  X,  and  about  v  as  a  BcA6  deferibe  the  Right  Cirde  mvy,  ffimi' 
will  m  c  A  be  die  Angle  to  be  formed^    Or, 

The  Angle  mca  may  be  Conlhuacd  as  a  Plane  Angle,  by  fef  ttng* 
offdieDqmcs  it  nnift  contain  from  a  to  nr,  and  drawing  the  Diar 
meter  Of  fight 'Girde;jrr_y,  '  -'  ^ 

Cafe  %, 

If  the  giv«n  Great  Circle  be  a  Right  Circle  zs  achy  and  the  gi* 
<to  PiMt.b«>,  takto  id  tiM  Rigfic  Ciid^  mA  tfa»  Anfll&fo  bafbr- 

Eee  a  About 


I 


y^  t. 


j4  Sttrei^dphical  Trobhmu 

About  the  given  Point  f,  dc- 
fcribe  a  Great  Circle  dm,  and 
fet  off  the  Number  of  Degrees  the 
Angle  mufi:  contain^  from  d  riw 
.  Pole  o(  the  Right  Circle  to  n,  then 
will  n  be  the  Pole  of  the  Circle  to 
be  drawn,  about  which  Point  m, 
if  the  Great  Circle  if  k  be  defcri- 
bed  the  thing  \s  done  ;  and  sp  b 
i$  the  Angle  to  be  Conftruded. 

Cafe  }•. 

» 
IE  the  given  Circle  be  the  Primitive  Circle  adhe,  the  given  Point 

be  d^  taken  in  the  Primitive  Circle,  and  the  Angle  to  be  Conftnic* 

toAhcmdn. 

Setoff  the  Number  of  Degrees  the  Angle  muft  contain,  in  the 
Right  Circle  acb^  (which  is  the  Great  Circle  defcribed  about  the 
Point  4)  f^^^  ^  to  py  Ibout  which  Point  p,  if  a  Great  Circle  as^ 
dnebt  drawn  the  thing  is  done,  zvidmdu  is  the  Angle  to  be  Con- 
ftruaed. 

Or  the  Quantitv  of  the  Angle  might  have  been  fet  off  in  the 
Gieac  Circle  acb  from  ^  to  ^,  and  dKcp  a  Great  Cirde drawn  tbK/ 
die  Points  d^  t^  and  #«  would  have  formed  the  Angle  m  dn. 

If  the  Angle  to  be  Conftrjuded  be  an  Obtufc  Angle  as  xdu,  the 
Qii9Atfty  ottbe  Angle  fet  off  from  c  to  q^  will  give  the  Exterior 
Pi04c.|  of  the  Circle  dt€  to  he  drawn,  and  this  beim  Ac  fame 
Qeeiut  Circle  as  is  defcribed  about  the  Point/,  wbofe  diftaoce  froio. 
the  Center  c,  is  equal  to  the  Angle  mdn,  the  Supplement  of  the 
Ai^le  ndx,  it  comes  to  the  fame  thing  whether  ytia  make  Ufe  oC 
the  Supl^ment  mdn  as  in  the  former  ExmnpUj  orof  theAiq^ 
nil  X  as  in  this,  but  the  former  being  mofl  apt forftafticeis gencralri- 
lymadcUfeof. 

Oi/r  4. 

•  If  the  gifCD  Cfcat  Code  be  aa  Oblkne  Civele  as  dat,  mi  die 
fMcn  Point  s  be  uken  in  the  Obti^ie  Ciid^  mA  the  Angle  «o.  be 
CanftniAedbe<l»4t. 

Havas 


Ster€9ff^apbicalTrQMems.  it 

Hivii^ dcftribed  the  Grent  Grcle  spxk  about  the  givcD  Point 
»,  as  a  Pole,  fet  otf  the  Quantity  of  the  Angle  dux  fi:om  p  to  Zr, 
about  which  Point  z.  as  a  Pole,  if  a  Great  Circle  as  xuub  be 
dsawn^  the  thii^  is  done  i  and  ^n  x  is  the  Angle  to  be  Conftruftcd 

Cafe  5. 

If  the  given  Great  Circle  be  a  Right  Circle  as  ach^  and  the  gi* 
▼en  P^t  /  be  taken  without  it,  and  the  Angle  jco  be  formed  be 

About  thejiven  Point  x  as  a  Pole,  ^ 

defcribe  the  oreat  Circle  m  cj^  and 
about  the  Point  d  the  Pole  of  the  gi- 
ven Circle  ach^  defcribe  a  Parallel  or 
Small  Circle  xf  x^  at  the  diftance  of 
i  X,  die  Quantity  of  the  given  Angle, 
vrfiete  thefe  two  Circles  interfeCk  each 
odier,  as  in  the  Point/,  it  will  grre  the 
Pole  of  the  Circle  to  be  drawn,  about 
whidi  if  a  Great  Circle  as/fifc  be 
dbwii,. ilie cbbg  is  done ;  and  if  ^is 
die  Aqsfle  to  be  CooftruAed. 

If  the  gtren  Great  Circle  be  the  Primitive  Cirde,  and  the  given 
Point  be  ir,  taken  at  pleafure  withni  the  Proje6tion,  and  the  Angte 
CO  be  formed  hcdxn. 

About  the  gifen  Point  W  as  a 
Rrie»  MWbe  the  Great  C 
and  about  t  the  Pole  of  the 
Gicle,  de(aibcji  Small  Circle  9/,  at 
diedi&ttieeo£^f^  e<)ual to  the  Quan- 
tity of  the  Angle '^ven,  where  tEefe 
two  Circles  inretfta  as  in/,  is  tlie 
Pole  of  Ae  Circle  to  be*diawD,  iboat 
irioch  Bokint,  it  the  Great  Circle 
i «»  te  ^eihjbed,  the  tUii^Js  done  ; 
sfid  tljtar  is  the  Anj^  t»  beCobr 

6/r 
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Cafi  7. 


If  tbc  fliycQ  Great  Cirdie  be  ait 
Oblique  Circle  dne,  and  the  given 
Point  be  taken  without  the  Qrde  as 
at  jr,  and  the  Angle  to  be  Conflruded 
bcxaJ* 
t  About  X  the  given  Point,  draw  the 
Great  Circle  mcy,  and  about  p  the 
Pole  of.  the  given  Circle  dn^^  de- 
fcribe  the  Small  Circle  q  r,  where  this 
interfeifb  the  Great  Circle  before  de- 
^  (bribed  as  in  q^  it  wiUlgive  the  Pole  of 

the  Circle  to  be  drawn;  about  which  Pole,  if  cbe  Great  Circle  xnJk 
be>drawn9  the  thing  is^ione;  and  Wnx  is  the  Angle  to  be  Conftruded. . 
If  in  either  of  thefe  laft  Cafes^  the  Small  Circle  iotcrfeAstheGreat 
Circle  in  two  Poihts  as  q  and  r,  either  of  thefe  Points  may  be  taken 
for  the  Pole  of  the  Qrde  to  be  drawn  •  If  it  ooljr  touch  the  Great 
Circle  the  Pr^iUm  is  limited ;  but  if  it  neither  cut  nor  touch  tb^ 
(jreat  Circle  the  P-roHem  is  impofSble.  ^ 

Each  of  thefe  Examples  have  been  adapted  as  ne^  a$  poffible, 
to  the  ufual  way  of  projeding  Spherical  Triangles^  and  the  Conftruc- 
ting  ot  Aftr$nomical  Problems  upon  the  Plane  of  the  Meridian. 

By  tbc  hdp  of  the  rd  Pr$p-oi  the  former  SeSiion  and  its  CoroUarfs^ 
we  ace  tai^t  a  direa  Method  for  finding  the  Ceuteis  of  the  Circles  , 
10  be  drawn  in  any  of  the  former  Examp^s. 

Thus  in  C^  the .  %d^  where  tlie  given 
Great  Circle  is  a  R^bt  Circle  as act,'xh6 
given  Point  i%f,  and  she  Angle  to  be  for* 
med  spK 

I.  TW  f  til*  C«V«e^  of  dw  Great  Qrcic  ' 
palRng  tfafl©*  *e.  PomtSrJ,  f,  and:e,.4r4V  tlie  '. 
Linejzi  pcapendtflBbc  t(»^the.RigbtCir(ae  ' 
e  dhy  and  auke %h^  An^4u»z.  equal  to  t&c . 

ComplwieQtof  trijf««wi  Aogl*  *f  *,  wbw  AeLioesif  z.an4  «a^ 
interled  as  in  «.,  it  wiU  gi?c  tb*  Cat«»».oWhft.Cifc|e  .f/^.^?  fcfc , 

drawn.    Or,  **  "V  •  >• 

3.  Having 
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t.  Having  made  c  ^  equal  (to  the  Tangent  oF  the  Arch  /  b)  to> 
the  Radios  if,  fet  ofi  the  Tangent  of  the  Complement  of  the  Angle 
x/f  to  the  Radius  f  jy  from  j  to  x,  then  will  z  be  the  Center  of 
the  Circle  to  be  drawn.    Or> 

J.  Withthe  Secant  of  the  Complement  of  the  Angle  sf  by  be- 
tween the  Points  of  the  Compares,  fetttn^  one  foot  in  /^  the  given 
Point,  with  di«  other  cro&  the  Line  qz^mx^y  then  wilt  ssbe  th« 
Cater,  and  t./  the  Radius  of  the  Cxrde  to  be  drawn.    Or, 

4.  With  the  Tangent  of  the  Complement  of  the  given  Ancle  spbr 
between  the  Points  of  the  Compares,  fetring  one  foot  in  f ',  aefcirbc 
a  fmall  Atch  at  zi  or  (if  the  Pomt  j  be  not  given)  at  the  fame  diC» 
taiiceMraw  x.r  pandlel  to  ady  and  with  the  Secant  of  the  Com- 
plement of  the  fame  diftance  between  the  Points  of  the  Compares,, 
fetting  one*foot  in  /,  with  the  other  foot  crofs  the  former  Arch  or 
parallel  Line  z.  r  in  the  Point  fc,  then  will  z.  be  the  Center,  and  xp 
the  Radius  of  the  Grcle  to  be  drawn. 

Again  in  the  ji  Cqfiy  where  the  gi-        '  ^ 

ve9  Creat  Circle  is  the  t^inutive  Cir* 
cle,  the  given  Point  d^  and  the  Angle 
to  be  formed  is  ad  ^ 

I.  From  the  ghren  Pblnt  i/draw  i &«  a 
foming  an  Angle  with  the  Diameter 
ict^  eoual  to  the  given  Angle  ait^ 
where  this  Litie  imerfe&s  the  projeded 
kskachm  z,,  it  gives  %  the  Cwter  of 
the  Cirdc  i^^  to  be  drawn,  whoC: 
Raifius  or Semidiameter i» 4^;&.  .Or, 


a.  The  Tangent  of  the  given  Angle  ait]  to  the  Radius  c^, 
fet  off  from  c  to  z.,  will  gu*e  the  Center  of  the  Circle  to  be  drawn. 

Or, 

i.  The  Secant  di  die  ftme  Angk  Utt  otL  (oomdta  %  will  f^e  t 
the  Center  of  the  Circle  to  be  dravim,  of  which  the  RadiM  49  9<h 
miiiUKtrut  Bdz^    Or^    . 

4.  With  the  Taogeac  ci^  Angle  pwn^  fttdog  one  foot  of  iKe 
Cempafles  ia  r,  ftrttp  a  fiftaS  Arch  at  st.,  witb  tbm  Socatitiof  tke 
(uQedbftawcw  Mclboc  of  cheCempaies  b6in||.frfaoe4  in  4  «(tfs 
At  iotmm  Ateh  ia;^^  tifae  Cchter  ^Ctiic  Carde  ^te-ikiiwn;  -af 
ittcb  Ae  8emi^»etftf  wfi'iidfiiiB  dtiftaiv^ 


. .  .? 
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Likewife  in  C^  the  etb^  where  the  given  Great  Circle  is  the  Pri- 
micive  Circle^  the  given  Point  is  n,  and  the  Angle  to  be  projeded 
is  dxtt  (fee  the  former  Figure.) 

1.  With  the  Tangent  of  the  given  Angle  dxn,  to  the  Radius  c  t, 
fetting  one  foot  of  the  Compafles  in  c  the  Centet  of  the  Projedion, 
with  the  other  foot  defcribe  a  fmall  Arch  at  jr,  with  the  Secant  of  the 
fame  diAance,  fetting  one  foot  in  n  the  given  Point,  crofs  the  former 
Atch  in  the  Point ;,  then  will  9  be  the  Center  of  the  Circle  bMse 
to  be  drawni  and  die  Secant  of  the  Angle  or  diftance  nf,  the  Ra- 
dius or  Semidiameter,    Or, 

2.  Make  the  Angle  edz.  equal  to  the  given  Angle  a  dt^  then 
will  cz^hc  eoual  to  c  q^  the  diftance  of  the  Circle  to  be  found3  from 
the  Center  ot  the  Primitive  Circle,  and  dz.  the  Radius  or  Semidia* 
meter  of  the  Circle  to  be  drawn- 

d 

Again,  in  Cafe  the  ^th,  wliere  the 

given  Great  Circle  is  an  Oblique 

Circle,  zsdne,  the  given  Point  is  v, 

and  the  A  iigle  to  be  formed  is  dn  x. 


fc         From  n  the  given  Point,  to  x  the 
Center  of  the  given  Circle,  draw 
the  Line  n  x,  and  let  tr  r  be  per- 
pendicular to  the  Line  »cr,  drawn 
from  n  the  given  Point,  throve  the 
Center  of  the  Primitive  Cirde. 
Make  the  Angle  %nq  equal  to  the  given  Angle  iav  x,  where  the 
»  q  cuts  z  r  before  drawn,  it  gives  q  the  Center  of  the  Circle 
X  n  ib  to  be  drawn,  of  which  x  j  is  the  Radius  or  Semi-diameter. 

Problem  to* 

,To  mcafureor  £ndtbe  Quantity  of  any  Spfaerieah  Angle  when 
fCDJeiEkcd. 

It  has  been  fhewn  in  the  former  Proikmy  that  if  die  two  Sides  or 
Arcbestbatcontain  any  S^ierical  Angle,  be  produced  till  they  are  Qna- 
Grants,  that  then  the  Aicbof  the  Great  Circle  (wfaofe  Pole  is  the  An-^ 
gular  Point)  contained  or  mtercepted  between  them  is  the  Meafiice 
*<if  the  eoQuincd  Angle ;.  and  this  bemg  dways  eqiml  to  the  Arch 
«f  the  fiune  Great  Ckde,  ccataioedbenvfeB  the  Pioks  of  die.  two 

Great 


n 
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Great  Circles  which  conftitute  the  Angle.  Hence,  and  from  the 
7th  ProUem  we  are  taught,  how  to  find  the  Quantity  of  any  Sphe- 
rical Angle,  ytz,  bylaying  a  Ruler  over  the  angular  Point,  and  the 
t  wo  Extremities  of  the  Quadrantal  Arch,  contained  or  intercepted 
between  them:  Or  by  laying  a  Ruler  over  the  angular  Point,  and 
the  two  Poles  ot  the  two  Circles  that  conftitutc  the  Angle,  the 
Arch  (in  either  Cafe)  cut  off  in  the  Primitive  Circle,  is  equal  in 
quantity  to  the  contained  given  Angle,  and  being  applied  to  the 
Une  of  Chords  will  give  the  Number  of  Degrees  it  contains ;  as  (hall 
be  illuftratedin  its  fcveral  Varieties. 

Cafe  I. 

If  the  angular  Point  be  in  the  Center  of  the  Primitive  Circle  at  c, 
dien  the  Arches  mc  ca,  that  conftitute  the  Spherical  Angle  mca^ 

d  are  ftreight  Lines,  the  Great  Circle 

defcribed  about  the  angular  Point  c,  is 
the  Primitive  Circle  ik/^^,  and  the 
Arch  mao(  the  Primitive  Circle  in* 
tercepted  between  the  Quadrantal 
Arches  mc,  ca,  is  the  Meafure  ojf 
the  Angle  jff(?  a,  and  being  applied 
to  a  Une  tf  Chords  whole  Radius  is 
c^,  will  give  the  Number  ofD^rees 
it  contains. 


e 


Cafe 


2. 


If  the  anpular  Point  be  in  the  Periphery  of  the  Primitive  Qrde  at 
^,tfaen  the  Arches  d  m,  dq,  that  conftitute  the  Spherical  Angle  mdj, 
bdog  produced  to  a  and  ^,  till  da  and  dt  are  Quadrants^  will  cut 
off  the  Arch  a  ^  of  the  Great  Circle  actf  (of  which  the  angular 
Point  d  is  the  Pole)  the  Mdafure  of  the  Angle  adt^  and  there- 
fore (by  Prot.  the  jth)  z  Ruler  laid  over  the  angular  Point  d,  and 
the  txtrcmities  a  and  t  of  the  Arch  a  t,  will  cut  off  an  Arch  akoi 
die  Primitive  Circle,  equal  in  quantity  to  the  given  Angle  adt,  and 
which  applied  to  theXw  of  Chords,  will  give  the  Number  of  De- 
grees it  does  contain. 


Fff 


And 
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And  bccaufe  the  Arch  cf  of  the  fame  Great  Circle  a  ^*,  intctw 
ceptcd  betweeo  the  Poles  c  and  f,  of  the  Arches  md,  iq^  that  con- 
ftitute  the  Angle  mdq^  is  equal  to  the  Ardi  a  u  theMeafure  of  the 
feme  Angle :  K  a  Ruler  be  laid  over  the  angular  Point  d^  and  .the 
Poles  c  and  li,  or  a  couple  of  Lines  be  drawn  from  the  Point  J  thro*' 
the  Pole  c  and  i,  they  will  cut  off  an  Arch  ey  in  the  Primitive  Cir- 
de,  equal  to  the  Arch  a  i,  equal  in  quantity  to  the  given  Angle 

Again,  becaufe  the  Great  Circle  dc  h,  dcfcribcd  about  the  angu- 
lar Point  </  as  a  Pole,  is  a  Right  Circle  ;  therefore  the  Arch  cf  con- 
tained between  the  Poles  c  and/»  oi  the  conftituent  Arches  pid, 
and  if,  applied  to  the  Um  of  Semi*  tangents  will  give  the  quantity  of 
die  giveA  Angle  mdqi  Or,  the  Arch  c  t  applied  to  the  fame  Line 
€£  Semi'^iu^nuft  will^gire  the  Complement  of  the  fame  Angle  mdq 
to  be  meafured  * 

Agm^  it  18  mamfeft^  that  the  Arch  t  s  of  the  Great  Qrcle  acb^ 
contained  between  the  Quadcantal  Arches  dt,  ds,  tl^at  form  the 
Aodk  fdr^  equal  to  the  Arch/ft  of  the  fame  Great  Circle  acK 


and  x^  the  Extiemities  of  the  Arches  ^  /  and  /r  z*,  will  cut  off  Ar- 

dies  X  Ji  asd  7  ii»  iti  the  Primitive  Ckcle^.  eqiial  in  quantity  to  the 

Angle  qdrxxyhc  meafured. 

Cap  3. 

d  ,      If  the  jangular  Point  be  within 

the  PrimitivCiCirde  at »,  about  the 
Point  II  as  aPole^  Let  the  Great 
Cii^e  u  oxj^jbe  drawn ; 

Then  becaufe  the  Arch  tsro 
equal  to  «j^»  is  the  Meafure  oT 
the  Angle  utio  equal  to  the  Angle 
dn  X,  if  Lines  ttusy  n$r,  and  u  ^k, 
and  npi  be  drawn,  from  the  an-- 
gular  Point  n,  riiro^  the  Eitremities 
-»  and  0,  z»  and  f,  of  the  Arches 
HI  0  and  ^f^  they  will  cot  off  the 
Arches  St  and  k  i  in  the  Fdmitive 

Circle 


Circle,  equal  in  quantity  to  the  Angle  dax,  which  arches  applied 
to  the  U»e  tf  Chords,  WiU  give  the  Number  (of  Degrees  it  cloes 


contain 


And  becaufe  the  Great  Circle  «  «ib^,  defcribed  about  the  angular 
Pomt»  asa  Pole,  wrij  always  pais  fhro*  the  Poles*  and  »,  oftheCon- 
ftitucnt  Circles  x  »,  dn,  if  the  Great  Circle  «  «  *  *  be  not  drawn 
yet  If  Lines  »«,  »*.  be  drawn  thro' the  angular  foint «,  and  the 
Poles  *  and  /  of  th^  Circles  *  »,  dn,  that  conftitute  the  Angle  du  x 
the  Arcb  4  i  cut  off  in  the  Primitive  Circle,  is  equal  in  Value  to  the 
Angle  dn  x  to  be  meafured ;  and  being  applied  to  the  line  of  Chords, 
It  wiU  mve  the  Number  of  Degrees  it  does  contain  j  and  this  is  the 
vfiial  Way  of  mwfuring  Angles  *4t  fall  within  the  Primitive  Circle. 


frdltm 


II. 


Thro  «  giycn  Pomt,  to  dnwr  a  Great  Circle  that  Ihall  be  Ptt- 
peodicuUr  to  a  given  Great  Circle;  or  which  is  the  fame  thing. 
d)»t  ftall  cut  the  given  Great  Circle  at  Ri^t-angles. 

This  IPrMem  is  ooJy  ope  pajticujar  C^t  of  d»e  9th  PriAhm,  where 
the  Angle  to  be  projeAed  is  a  Right  Angle,  but  becaufe  it  frequent- 
ly occurs  in  the  projeftine  oiRi^at^fed  Sfherical  Trimbles,  and  is 
of  Ufe  in  the  Solution  ofObliqufot^kd  ^htric  trituigfts,  I  ihall  give 
it  here  a  Place  by  its  felf,  and  (hall  Exemplify  it  thro'  the  vatMua 
PofitioDS  of  the  given  P0im^  widiisgard  to  the  given  Great  Cirde. 
And, 

B«paufe  the  Pole  of  a^-  Great  Circle  is  diftaot  from  that 
Qrde  by  the  Arch  of  90  Degrees  or  a  Quadrant,  meafiued  h  % 
Great  Cirde  pafling  thro  the  given  Pole  and  the  given  Oreat  Citcje* 
Hence  it  is, 

I.  That  if  one  Great  Circle  pafs  thro*  the  Poles  of  another  Great 
Cnrde,  it  ^1  cat  that  Great  Cirde  at  Right-angles  j  and  on  dw 
crnxxm- 

%.  That  if  one  Great  Cirde  cut  another  Gre^t  Gnp^  ju:  |lighlt- 
ai^s,  it  will  p»fs  chco'that  Ciode's  Ppl^,  juid  hence  599  \fiai  t 
gsoetal  Solution  of  this  frohltm,  vi?.<»  Thjro*  thp  given  Pojnt  «o4 
the  Poles  of  the  giyco  Great  Circle,  d»VF  %  Qceac  Cio^j  9iu|  1^ 
tiiiiig  is  iione. 

Ft  fa  C4f 
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.  Cafe  !• 

If  the  given  Great  Circle  be  the  Primitive  Circle  adi  e^  and  the 
given  Point  be  r  or  ». 

Thro' the  given  Point  r  om  and  the  Pole  c  of  the  Primitive  Circle^ 
draw  the  Right  Circle  cur  and  the  thing  is  done ;  and  » r  is  the 
Perpendicular  required  to  be  drawn. 

'  Cafe  2. 

I .  If  the  given  great  Great  Cir- 
cle be  a  Right  Circle  3s  ac  i^  and 
the  given  Point  be  c  the  Center  o( 
the  Primitive  Circle. 

Thro'  the  Poles  d  and  e  of  the 
given  Right  Circle,  and  the  given 
*  Point  c,  draw  the  Right  Circle 
dee  ^nd  the  thing  is  done  ^and 
dee  is  the  Perpendicular  required 
to  be  drawn » 


1.  If  the  given  Great  Circle  be 
a  Right  Circle  asaei,  and  the  gi- 
ven Point  be  ^  or  ». 
Thro'  d  and  e  the  Poles  of  the  given  Great  Circle,  and  the  given 
Point  t^  or  »,  draw  the  Oblique  Circle  dnte  and  the  thing  is  done ; 
and  If  ^  is  the  Perpendicular  required  to  be  drawn* 

Cafe  3. 

If  the  given  Great  Circle  be  an  Oblique  Circle  zsxqh,  and  the 
given  Point  be  J  or  0. 

Thro'  the  given  Point  d  or^  and  the  Pole  z,  of  the  given  Great 
Circle  xqh^  draw  the  Arch  otthe  Great  Circle  doz,,  then  will  do 
be  Perpendicular  to  the  Oblique  Circle  given  xqb. 

Again,  If  the  given  Point  be  x,  and  the  given  Great  Circle  be 
et  d. 


Thro' 
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Thro';>  die  Pole  of  the  given  Great  Circle,  and  x  the  given  Foint, 
draw  the  Great  Circle/  xx,  till  it  meet  the  Great  Circle  *  td  pro- 
duced in  /,  then  wiU  x/  be  a  Perpendicular  to  the  Great  Circle 
ttd  ^rawn  from  the  Point  *.  ^ 

Prahlfm  12. 

Two  Great  Circles  given,  by  Pofition  forming  with  each  other 
acivenAnglc,  let  it  be  required  to  draw  another  Great  Circle 

*^fn^'^C5l''?^Sw.nd  wiU  bed. 

Vxd^oiz^S  Spherical  Triangle  be  conneftcd  together  by  Arches 

nr  .^it  rtrcl«   thev  will  with  thpfc  Arches  con1h:ute  a  Spherical 

TiS^S  whofe  ^dcl  wm  be  equal  to  the  Angles  of  the  friangle 

Jrft^vS,  cxSpt  that  the  greateftSide  will  be  the  Supplement  of- 

^^FT^'Sf^te  taught  a  ready  Solution  of  the  Problem  before. . 
^.^XlZ^a^^lkl  aJ  each  of  the  Polesofthe  tv^H^en- 
rrZchcUsJihe  difiance  of  the  Quantity  of  the  Angle,  that  the 
fZr^TtaZ  dram  mufi  form  with   the  refteSiive  Great  Circle, . 

it  wiB  give  the  Pole  of  the  Circle  to  be  drau-n.  i 

But  if  either  or  both  of  ihe  given  Angles  be  Obtufe.  then  inftead 
of  Ae  Angk^yS;  muft  make  UCc  of  their  Supplements. 

Example,  '■ ' 

Let  ibe  and  due  be  the  two  given 
Great  Circles,  forming  with  each  other  • 
the  given  Angle  nd  x.  Let  x  n  A  be  the- 
Circle  required  to  be  drawn,  forming' 
with  the  Great  Circle  dbe  the  Angle 
dxn,  and  with  the  Circle  dite  the  Angle 
dn  X,  each  equal  to  any  afligned  quantity. 
ConftruEiion.  About  p  the  Pole  of 
the   Circle  dne,    defcribe   the    Small 

Circle 


d 


/ 


r 


\ 
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Cin:Ie  r  ft,  at  the  diftancetir  qatntixy  of  the  Angle  4^  x^  difo  aboot 
i:  the  Pole  of  the  other  Circle  dtey  describe  the  Smill  Circle  s  «.,  at 
the  <iiftance  of  the  quiDtity  of  the  Aof^Ic  dxn,  where  thefe  two 
Small  Circles  interfed  each  other  in  the  Point  ?^t  i$  the  Pole  of  the 
Cirde  XII A  to  be  drawn,  and  if  the  Tangent  of  the  Angle  dxu  be 
fet  ofl  in  the  Line  c  z.  from  c  to  ;,  then  will  jf  be  the  Center  of  the 
iame  Circle  xn  ^  to  be  drawn- 

Whofoever  is  well  acquainted  with  what  has  been  faid  of  Pro-> 
je&ions  in  the  former  SeBwiy  will  readily  fee  the  Reafon  of  erenf  So- 
lution in  this  Se£ihn;  and  'tis  for  this  Reafon  that  I  ha?e  not  remred 
to  every  particular  Theorem  or  Corollary  in  the  ifi  SfBion,  upoB  wliich 
the  fevecal  Solutions  givisn  in  this  SeHhn  depend  ;  bat  haTiog 
Oiewn  a  great  Variety  of  ways  of  dcfcribing  any  Great  or  Small 
Circle  in  any  Prpjeftiod^  and  of  meafuring  any  Part  or  Portion  of  it 
when  projeAed,  I  (ball  proceed  in  the  next  SeSHen,  to  confider  the 
Aftedions  and  Properties  of  the  ieveral  Triangles  made  upon  the 
Sur&ce  oF  the  Ghie,  by  the  mutual  Interfedions  of  the  Great  Orclcs 
defcribed  upon  it. 


Section     IIL  _ 

Of  Sphericai  Trigenometry. 

I.  A  S  a  Plam  "friangU^  theSubjcd  ol  Plane  Triiommetry  is  for- 
jfV  med  by  the  mutual  Intcrfeaion  of  three  ftriat  Lines  up- 
on a  PlMe  Surface^  fo  a  Spherical  TriawU  the  Subjeft  ^  ^berkal 
Tr^onmitry^  is  formed  by  the  mutual  Interfeftion  of  three  Gccac 
Circles  on  the  Surface  of  the  Sphere. 

a.  So  that  as  each  Angle  of  a  Plane  Triangle  is  formed  by  the 
meeting  togetlier  of  two  Right  Lines  on  a  Plane  Surfiice,  each  Angle 
of  a  •Spherical  Triangle  is  formed  by  the  meetii^  together  or  Inter- 
fe&ioii  of  two  Great  Cifcles  on  a  6f<iericai  Sutuce. 
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%.  Again,  as  a  Plane  Angle  is  meafured  by  the  Arch  of  a  Circle, 
deicribed  about  the  angular  Point  as  a  Center,  and  intercepted  be<- 
tween  the  Lines  which  form  the  Angle ;  fo  a  Spherical  Angle  is 
meafured  by  the  Arch  of  a  Great  Circle,  defirribed  about  the  angu- 
lar Pointy  on  the  Surface  of  die  Sphere,  and  intercepted  between 
the  Cirdes  which  coniUtnte  the  Angle. 

•4.  Hence  it  is,  that  if  the  Sides  that  contain  the  Spherical  Angle 
arc  continued  till  they  are  Quadrants,  then  the  Arch  of  the  Great 
Cirde  (of  which  the  allgular  Point  is  the  Pole)  contained  or  inter- 
cepted between  them,  is  the  Meafute  of  the  Angle. 

5^  Hence  it  is,  that  a  Spherical  Angle  is  the  fame  with  the  Inclina- 
tion of  the  Planes  of  the  twoGreat  Circles  which  coofiitute  the  Angle 

6^  Hence  it  is,  that  the  oppofite  Angles 
a  and  *  at  the  Interfeftions  of  any  two  ^^'  '      '"^^^s^ 
Grwt  Circles  are  equal  *SL  ^^t 


And  fince  the  Arch  of  a  Great  Circle  i$  the  neaveft  diftance  bs^ 
twcen  v^o  Points  upon  the  Surface  of  the  Sphere,  aa  a  ftrait  Line 
i$  ^  fliorteil  Traifik  bejtjrecip  two  Points  oppn  a  JPIaoe  Sorface,  it 
wis  be  proved  after  the  &me  manner  as  in  Plam  Trlanghi. 

7.  That  one  Arch  of  a  Great  Circle  falling  upoo  aopiiher,  makes^ 
two  Angles  equal  to  two  JRight-angles. 

8.  That  t^  oppofite  Angles  made  by  the  Ihterfcftion  ef  tw:o 
Gtc»  Circle  are  equal. 

9.  TItfkt  if  on?  A^gH*  and  the  two  containing  Sides  of  one  Sphe- 
rical Tiiiai^,  he  .eq^ai  to  ooo.  Angle  and  the  two  contrary  Sides- 
(9£zMlA^  Aiwif^^^  or  if  one  Angle  and  the  two  adjacent  Sides  of 
one  ToiMM^j  he  equal  to  one  Angle  and  the  two  adjacent  Sides  of 
anoil^r  Tria^ngle,  or  if  the  tbrc/e  Sides  of  one  Trjanele  be  eqnal  to^ 
cbe  three  Sides  of  another  Triangle,  each  to  each  reipedirdy,  then 
ibe  ffcmaining  parts  of  OM  Tnaogle  are  equal  to  the  remaining 
puta  of  the  othor  Tndf^V>  each  to  each  refpedively,  and  the  twa* 
Tl3a^g}es  are  eqiol, 

lo-  That  an  Equicrural  Sfhriuil  IriangieYiZXh  its  two^  Angles 
at  the  Bafe  mutually  equal  i  and  on  the  contrary,  if  the  Angles  ac 
the  Bafe  are  equal,  the  oppofite  Sides  are  equal  aI(o. 

1 1.  Triat^s  ^Piutually  JE/juilateralj  are  atfb  mutually  ^i^i^^ii/ar* 
Thtf  €b?  gwat^ft  lifigk  of  evf  ry  Xi^«w<g>e  >«  /opp^  jt^  thp 
^ I  Side,  and  on  the  contrary,  the  greateft  Side  Jfu^tc^  the 
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13.  That  any  two  Sides  of  a  Spherical  Triangle  taken  together 
are  greater  than  the  third  that  remains.    " 

Again,     . 
Since  all  .Great  Circles  cut  each  other  into  two  equal  parts,  as 
has  bcLcn  prov'd  in  the  firff  SeBkn  it  follows, 

14.  That  every  Side  of  a  Spherical  Triangle  is  lefs  than  a  Semi- 
.  circle  or  180  Degrees. 
^-                      '       For  d  h  one  Side  of  the  Spherical 

Triangle  db  m^  is  lefs  than  the  Se- 
vicirclc  dhc^  and  da  is  lefs  than 
da  c. 

'  }V  ?^^'  ^hcSum  of  the  three  Sides  of  any  Spherical  Triangle, 
IS  lefs  than  a  whole  Grclc  or  3^0  Degrees. 

Foritf  is  lefs^than  he  and^c  taken,  together,  (by  tlie  \ith 
-preceding  ^r^.^md  confequently  ha^  h dy  and  da,  &c.  taken 
tc^etherarc  lefs  than  ^*cand  dac  (by  the  \6thGiom.  Axiom) 
Icfsthan  two  Semicircles  or  360  Degrees. 

16.  From  thc4tA  preceding -rfr^  it  follows,  that  the  Poles  *,  d^ 
\  ^j'^-Sp^^rical  Triangle  BDC  when  oonnefted  together  by  Ar- 
ches of  Great  Circles,  will  with  thofe  Arches  conftitute  a  Spherical 
Triangleii/r,  whofe 

I  Sidl^^)  *^  ^q»^  to  the  Supplement  of  the  \  ^J^g J.^  } 

About  the  Points  i?,  D,  and  C, 
as  Poles,  defcribe  the jGreat  Citdes 

bf  canty  qocdty  zndbtdan. 

Kow  c  being  the  Pole  of  BDj  €m 
is  a  Quadrant,  and  equal  zofb;  b 
being  the  Pole  of  J3  C,  add  to  each 
part  the  interjacent  Atchpc^ '  and 
the  whole  Arch  c  b  will  be  equal  to 
the  whole  Arch  f  m,  the  Supplement 
of  ^x,  the  Mcafure  of  the  Angle 
at  bi 

Again,  d  being  the  Pole  of  ic,  dn  equal  to  a  Quadrant  is  equal 
to  s  b,  add  to  each  the  interjacent  Arch  s  J,  and  it  will  make  A  ^  e- 
qual  to  sn;  the  Supplement  of  the  Arch  r  /,  the  Msafure  of  the 
Angle  at  C.  1-aftly, 
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LafUjs  From  the  Arch  do  cqHal  to  a  Qoadraat,  ^iial  to  the 
Aich  e  f,  nkc  away  the  Arch  c  o^  aod  there  will  remain  dc  equal  to 
0  q,  the'  Meafure  of  the  Supplemenc  of  the  Angle  ac  D. 

17.  Henoe  it  is  manifefl^  that  the  Trlaugle  i/iic  conftimted  be« 
twetfn  the  three  nearer  Poles  d^  a,  and  <^  of  the  Triangle  £DC,  hath 
its  Sides  da,  mc,  aD4i<^»  equal  to  the  Angles  C^  B,  and  Z>,  of 
the  Triangle  £DC,  and  its  Angles  d,  a,  and  c,  equal  to  the  Sides 
DCf  DB^  aod  JC»  of  the  fame  Triangle  (except  that  the  greateft 
Side  dc  of  the  Triangle  <^  4  C9  is  equal  to  the  Supplement  of  the 
greateft  Angle  Z>  of  the  Triangle  BDC,  ^nd  tlie  greatell  Angle  at  a 
the  Supplement  of  th^  greateft  Side  BC) 

f8.  Wherefore^  Since  the  three  Angles  of  any  Spherical  Triangle 
beii^  gi^en,  the  three  Sides  of  another  Spherical  Triangle  are  known, 
whoTe  Angles  are  equaljco  the  Sides  of  the  formerTriangIc  (except  that 
the  greateft  Angle  of  the  Triai^le  given,  is  equal  to  the  Supplement 
oi  die  greateft  Side  of  the  Triangle  found ;  and  the  greateft  Angle  of 
the  Triac%le  found,  is  equal  to  the  greateft  Ariele  of  the  Triat^rie 
given)  it  follows,  that  the  three  Angles  of  any  spherical  Triangle 
being  gtveoi  the  Sides  may  be  eafily  found,  and  on  the  contrary, 
the  Sides  of  a  Spherical  Triangle  being  given,  the  Angles  may  be 
cafily  had* 

ip«  Hence  and  from  the  i  ^th  it  follows,  that  the  three  Angles' 
of  any  Spherical  Triangle  taken  together,  are  greater  thai  two 
Right-angles,  <m:  iSo  Degrees. 

For  by  the  15 rift,  hd^  d^,  be,  the  Su{^lanents  of  the  Ancles 
C,  D,  and  £,  of  the  Triangle  BDC^  uken  in  one  Sum  islefstthan 
four  Right^anglesy  that  is  fix  Right-angles  leflened  by  the  Sum  o£ 
rbe  Angles  C,  A  aod  £,  of  the  Triangle  BDC^  are  lefs  than  four 
Right-angks }  that  is,  two  Right*angles  leftened  by  the  Sum  of  the 
Angles  C,  A  and  JS,  is  lefs  than  nothing.  Wherefore,  the  Sum  of 
the  Angles  C,  A  and  A,  is  greater  than  two  Right-angles  or  180 
D^ees. 

Or  thus,  da  and  /i  r  the  Meafurcs  of  the  Angles  C  and  B^  takeh 
together  in  one  Sum,  are  greater  than  ic  the  Supplement  of  the  Angle 
at  Z7;  and fince  i c and  its Supplenient  make  but  two  Right-angles, 
da  and  ac  and  the  Supplenient  of  ic  ihall  make  more  than  two 
Rieht^-angles,  that  is,  the  Angles  iB,  D,  and  C,  taken  tcgedier, 
mue  mor^  than  two  Right*>anglcs,  or  180  Degrees. 
Or  thus,  cq  (the  Supplement  of  ^c)  da  and  ac  the  Meafuresof 
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-the  Angles  Z>,  C^  and  B,  of  the  Triangle  JBDC  together  with  the 
Sides  of  the  Triangle  d^c,  make  three  Semicircles  or  540  Degrees,. 
but  the  Sum  of  the  Sides  of  the  Triangle  d^c  islefs  than  two  Se* 
xnicirdes  or  ^60  Degrees,  (by  the  1 5  r/&  yf r.)  thercfore^the  Meafures 
of  the  Angles;  D,  C,  and  B,  ^ic  greater  than  two  Right-angleis  V'that 
is,  the  Sum  of  the  Angles  of  tlie  Triangle  SDC  is  gteaier  than  two 
Right-angles  or  x?p  Degrees. 

.  20.  And  becaufc»(by  the  yf  A -^r.)' the  Sum  of  the  Internal .  and 
External  Angles  of  any  Spherical  Triangle  i^  equal  to  Rx  Right^an- 
gles,  it  follows,  that  the  Sum  of  the  Angles  of  any  Spherical  Tri- 
angle i;5  lefs  than  fix  Right-angles  or  546  D^ces. 

a  I.  flence  it  is  manifeft,  that  in  any  Spherical  Triangle,  the  Sum 
of  any  two  Angles  is  greater  than  the  Supplement  of  the  third  thar 
remains,  and  confequently  the  External  Angle  is  lt&  than  ^  Sumr 
<jif  the  two  inward  and  oppofite  Angfe; 

.y.^z.  i^the  Sum  of  the  Legs  of  any  Spherical  Triangle  beMual  tc 
a  ,SemI-Gircle  or  180  Degrees,  the  Internal,  Angle  at  the  Bate  (hall 
be  accordingly  equal  to  Sit  outward  and  oppofite  Angle, 

For  Itdi  and  ^a  taken  toge- 
ther be  equal  to  the  Semi-rcircle 
dt  c,  then  ta  is  equal  to  l  c  (by. 
the  id  Geom.  Axiom)  and  confe- 
quently the  Angle  iac  i^  equal  to 
the  Angle  c,  (by  the  icth  preceding 
Ar.)  which  is  equal  to  the  Angle  d 
♦  (T)y  the  *6th  preceding  Ar.)  Where- 
.         i .,.  fore  the  Angle  1/-  is  equal  to  ^  ^  c. 

.'  zjy.  IF  the  Sum  of  the  Legs  be  greater  than  a  Seniicircie,  the  In- 
ternal Angle  at  the  Safe  is  accordingly  greater  than  the  outward  and 
oppofi^ce  Angh,. 

For  if  i  *  arid  a  t  taken  together  be  greater  than  the  Semicircle 
ditb'jCy  then  is  ba  greater  than  be  (by  the  i%th  Geom.  Ax,)  and 
confeqiiei^tly  the  Angle  bac  it  left  than  the  Ang!e  c  (by  the  1  ^th 
preceding  Ar^\  which  iS  equaV to  the  Angle  d  (by  the 6th preceding 
Ar.)    Wherefore,  the  Angle  at  d  is  greater  than  bac. 

24.  If  the  Sura  ot  the  Legs  bctefsthana  Semicircle,  the  Angle 
at  the  liafe  is  accordingly  lefs  than  the  outward  and- oppofite  Angle. 
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If  dl  and  ^a  taken  together  be  Icfs  than  dtc  f^cn  ia  iskfs 
than  tc  (by  the  litbGeom.  Ax.)  and  conk<|upitIy  the  Angle  bac 
is  greater-  than-  the  Angle  at  c  (by  the  i  ith  Br^ceding  »/?r  ;  wHich  is 
equal  to  the  Angle  li^bytliQ  dh& ,  preceding/ A •>  W'hcrcfore,\the 
Angle  d  is  lefs  than  the  Arigle  ^  ^  r*  -'.•*,.  _^     4 

ly.  If  the  Sum  of  any  two  Sides  of  a  Spherical  Triangle  be  equal 
to  a  Semicircle,  the  Sum  of  the  oppofite  Angks  Ihall  be  accordingly 
trqual  to  a  Semicircle  or  two  Right-4ngles.       , . .     ^ 

For,  if^*  and  */i  taken  together,  be  equil  to  the  Semicircle 
^ * r,  then  the  Angteat  rf. equal  to  the  /ngle  at  c  ifc  equal  to  the 
Angle  *^c  (by  the  lo/A  preceding  ^r.)  buc  tho» Angles  dab  and 
bac  make  together  two  Right-angles  (by  the  -jth  preceding  Ar.) 
Wherefore,  the  Angles  bda^ndbaddo  together  make  two Klght- 
angles4>r  1 80  Degrees. 

2tf.  If  die  Sum  of  the  two  Sides  be  greater  than,i  Semicicdci  ihf 
Sum  of  their  oppofite  Angles  ihaU  accordingly  begreatcr  than  a  Scmit- 
circle  or  two  Kight-angles. 

For,  iidb  and  ba  taken  together  be  greater  than  the  Semicircle 
^bcy  tfic  Angle  at  <i  it  greater  than  ^^rr  (by  the  i^d  preceding  Ar.) 
but  ^^r  and  had  taken  together  make  twoHigbt-angles  (by  th^ 
7fA  precedbg  Art.)  Wherefore,  bda  tM  K^d  taken  together, 
fhall  make  more  than  two  Right-Angles  or  i  to  Degrees  (by  the  i6tb 
Goent.  Ax.)  "     ' 

27.  If  the  Sum  of  the  two  Sides  taken  together  be  lefs  than  *a 
Semictrcle,  the.  Sum  of  their  oppofite  Angles  ftaU  accordingly  be 
Ids  than- a  Semich^te*  .  .  .» 

\(  dh  and  ^  A  -taken^  together  be  leits  than^  the  Seimcircte  i^  c, 
then  the  Angle  at  d  istefs  than  the  Angle  l^ac  (by  the  53 i^  pre- 
ceding  At.)  but  tlie  Sum  of  the  Angles  dab  2aidia€  make  juft  a 
Smidrcle  (by  t  he  jth  preceding  Art.)  Wherefore,  the  Angles  </  and 
dah  taken  together  (hall make  lefs than  two R%ht-angles  or  i go  Do- 
gbees Qyy  tike  j  6th  Giom.  Ax*.}      • 

28.  Hence  it  is  manifeft,  that  •  in  anf  Eqnicrural  Spherical  t*ri- 
ai^j  if  one  of  the  equal  Legs  be  greater  than,  equal  to,  or  lefs' 
tb^  a  Quadrant,  the  oppofite  Angles  at  the  Bafe  ihaU  be  each  ac- 
cordingly, greater  than,  equal  to,  or  lefs  than  a  Rigivt^angle,  ^r 
00 Degrees.     •  •  •'"'.'..■  ■■^'  .") 
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Pole  pq£  die  Ciidc  ihgifc^  feveral 

Arches  of  Great  Circles  ds  ai^  ab^ 

mgy  af,  ae^'Scc.  be<h:avro>  till  they 

cue  the  Chrcutnfercnce  of  the  great 

Circle  '^bge^Cy  the  greateft  i$  ab^ 

which  pafles  thro'^  die  Pok  of  the 

given  Great  Cirde»  Md  the  kaft  is 

.ae  the  part   contained  {>etweeit  the 

Point  a  and  the  CircumfticDce ;,  and 

of  atl  rhe  other  Arches  the  Arch  a  b 

neareft  to  that  which  was  drawn  thro' 

the  Pote  f^  is  greater  than  ag  which  is  removed  farther  off,  and  ag 

greater  than  af,  Sec.  but  the  Angle  b  ab  is  lefs  tha^  g  ab,  lf£»  ihm 

fabj  &c.  and  if;  be  the  Pole  or  the  Circle  b  a  e,  tne  Angle  bab 

is  Acute,  and  n  b  greater  than  a  l^oadcant ;  alfi>  the  Angle  gab  is 

a  Right-angle,  and  ag  equal  to  a  Qiiadrant,  and  the  Atiglc  fa  b 

Obtme>  and  af  left  than  a  (^ladcana. 

For  becaufe  f  is  the  Pole^ the  Cirele  bge^,  the  Arches  f  b^ 
fhyfgi  are  eqoal^  therefore  af-ipbis  equal  to  a^p  ^p  b  (by  the 
id GtML.  Jx.)  banap-^rfbiM  greater  than  4  i6 (by  the  i i$b.)  Whgre^ 
fore,  a  b^apr^pb  is  greaaer  than^ ^ 

Again,  ap-^fb  is  eqqal  to  ap^pg,  therefore,  whereas,  the 
Angle  aphis  greater  than  ap  g,  the  fiafe  a  bis  geeater  than  ag 

After  the  iiutte  auMBef  it  wq^  be  prov'd  that  ^i;  is  greater  4ia& 
«/»  &c.  ^  <       ^ 

AgAn,  ba  4-itt.  i«  equal »  ft,  which  is-eqpal  to  pf,  brnpf  is 
IdTsthan^a+d/Cby  the  ipb)  T^refore,  ^4  i$  ^ijs  than  4/  (by 
the  f  8/^  Gew$^  jtx.}  and  the  fiime  wifi  bupcn  wherefoe ver  the  Point 
/is  taken ;  wherefore  at  i»  tjie  leaft  w  aU  the  Aicfaes  that  can  be 
^rawo  from  the  Pomt/i  -upw  tfcc  Gr^unaifcrence  *  bes. 

Again,  becaufe  ^  is  the  Pole  of  the  Circle  bpaty  tbc  ARglCjg^* 
is  ft  Tligbt-^e,.  aftd  1^  eqttal  to  a  Quadranft,  wherefore^  the 
Angle  hab]&tiBi  Acute  Angle,  and  i iE^fefs than  a  (;^raAt» but  ab 
greater,  alfo the  Angle  fab]sw^ Obtafe  An^,  and  the  Aschfb 
.grpaier  than  a  Quadrant,  but  af  le6,  and  this  will  happen  where- 
toever  the  Points/  and  b  are  taken,  provided  they  be  placed  oi  fcoo- 
trary  SiJes  of  the  Points  ^.  ^ 

30.  Hence  it  is  that  the  L^s  of  a  Right-angled  Spherieat  Tn- 
a&sle  aic  of  the  fame  kind  with  uicir  oppofite  Angles.  For  in  thd  Tri- 
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Mf^tkM^  becai^eitf  is  greater  tluo  the  Qiudnmt^>9  the  Angle 
i  A  €  is  greater  than  the  R^hc*angle  t  bf^  and  in  the  Triangle  hai 
becaafe  ae  is  lefs  than  the  Quadrant  p  e^  the  Angle  #  ^  a  is  leis  than 
tbe  R^ht-ai^e  thf. 

%x.  Again,  if  tlie  Leg*,  and  confeqnentljf  the  Angles  are  of  tbe 
£inie  kind,  chat  is,  both  greater  or  both  lefs  than  .Quadrants,  the 
Hypothenufe  (hall  be  leis  than  a  Qiiadrant ,  thus  in  the  Triangles 
fah  Mdfae^  where  the  Legs  <f.*  and  */  in  one,  are  greater  than 
Quadrants,  and  the  Legs  a  9  and  ef  in  the  other  lefs  than  Qiia- 
drants ;  die  Hypothenufe  af  is  lefs  than  a  Quairaht :  But  if  the 
L^  are  of  a  ditfbrent  kind,  that  is,  one  greater  and  tbe  other  lefs 
than  a  Quadrant,  the  Hypothenufe  (hall  be  accordingly  greater  than 
a  Quadrant ;  thus  in  the  Triatigle  abhy  where  ^  ^  is  greater  and 
b  k  lefs  than  a  Quadrant,  tbe  Hypothenufe  ak  is  greater  than  a 

Quadraat.  '    ;•   « 

32.  Wheiefoic,  If  tbe  Hypotbenuieof  a  Right-angled  Triangle  is 
kfs  than  a  Quadrant  or  90  Degrees,  the  Legs  and  confequentiy  the 
Afigks  aie  fimilar ;  that  is,  both  greater  or  lefs  than  Quadrants  t 
andon  the  contrary,  if  the  Hypothenufe  be  greater  tlian  a  Quadrant 
tbe  Legs  and  cwfequently  dbeir  oppofice  Angles  (hall  be  one  iefs  the 
other  greater  i^an  a  Quadrant  or  90  Degrees. 

}}•  If  xht  Hypothenufe  be  lefs  than  a  Quadrant  or  90  Degrees^ 
each  of  the  Legs  fliatl  be  fimilar  to  its  adjacent  Angle  1  that  is,  if 
the  Leg  be  gteater  than  90  Degrees  or  a  Quadrant,  the  adjaant 
Angle  (hall  be  creater  than  90  Degrees  or  a  Quadrant,and  on  the  con- 
trary, thus  in  the  Tmnglcfa  b,  where  the  Legs  b  a  and  A/ are  each 
greater  than  Quadrants,  the  adjacent  Angles  b  af  SLnd  bfa  are  each 
gteater  than  Quadrants ;  alfo  in  the  Triangle  a/#,  where  the  Legs 
a«,  #/,  are  each  lefs  than  Quadrants,  the  Angles  at  a  and  /are 
Aaite,  Wherefore,  Vice  Verfa^  if  the  Leg  of  a  Right-angled  Tri* 
angle  be  (imilar,  or  of  the  fame  kind  with  its  adjacent  Angle,,  the 
Hypodieoufe  ftall  be  lefs  than  a  Quadrant  or  9o  Degrees. 

34,  If  the  Hypothenufe  be  greater  than  a  Quadrant  or  90  De- 
grees, ^idi  Leg  (ball  be  diiEjnilar  to  its  adjacent  Angle  ;  thus  i» 
^TriaagMs  bab  and  hme^  in  each  of  which  the  Hypothenufe  ab 
is  gicatertfaM  a  Qiadonr,  the  Angles  eab  znd  chb  adjacent 
to  tbe  ^es  me  and  bb^  each  of  which  ate  lefs  than  Qua« 
<itants,  areObtuie,  but  the  kx^^sahe  and  bab^  which  are  adja-* 
cent  to  the  Legs  &  #  and  ^  a^  each  of  which  are  greater  than  Qiia- 
drant^ 
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drants  are  Acute ;  and  on  the  contrary,  if  either  of  the  Legs  be  di- 
iiimilar  to  its  adjacent  Angle,  the  Hypothcnofc  fhall  be  greater  than 
.  a  Qaadranr. 


!>%)« 


Section     IV. 

Containmg' n  ^emonfi^atm  of  Jome  «/<?/«/ Theorems 
commonly  call' d  Axioms,  hy  which  the  feVeral  Cafes  of 
Right-angled  Spherical  Triangles  are  re/olvea, 

Propofition  the  iji  or  Axiom  the  ift.  .^ 

IN  Right-angled  Sphcficil  Triangles  having  the  fame  Aciite  An- 
cle at  the  Bafe 
The  Sines  of  the  Hyp<$thenufes  are  in  dire&Proportion  to  theses 
^f  the  ^Perpendiculars }  f  and  on  jhcjiontwry. 
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•  Let  the  up|)er  Qpadrant  of  the  Semicircle  AEC  be  turned  about 
upon  ics  Aatis  Aa^  till  the  Seders  of  the  Circles  aDE,  aJiC  being 
ereded.  perpendicularly  over  the  Lines  aD,  aB,  the  Points  E  and 
C  of  the  Quadrant  AEC,  coincide  with  the  Points  E  and  C  of  the 
Sc&otSMDEmdaSCy  then  will  l>e  formed  two  Spherical  Tri^ 
aogles  JBC  and  ADE  Right-angled  at  B  and  J5,  having  the.  Acute 
Angle  BAC  or  DAE  at  the  Bate  common  to  both; 

From  the  Point  E  draw  £  it  a  Perpendicular  to  the  Axis  a  Ai 
Owd  Ee  a  Parallel  to  it)  then  will  f^. equal  to  ER,  be  the  Sine  of 
the  Hypothenufe  EA  of  the  Triangle  AED,  sls  is  a&is  the  Sine  of 
the  Hypothenufe  AC  of  the  Triangle  ABCy  alfo  from  e  (in  the  Scdlor 
a  Be)  let  falLthe  Perpendicular  e/,  which  will  be  equal  to  £F(in 
the  So&or  aDE)Ac  Sine  of  the  Perpendicular  D  £  of  the  Tri- 
angle ADE)  for  the  Right-lined  Triangks.  i{£F  ard  aefsirtx 
equal,  by  the  ifl  Geom.  Prof  Part  the  i/?.)  as  is  r  H  the  Sine  of 
the  Perpendicular  cB  of  the  Triangle  -^iiC. 

Wherefore  in  the  Scdor  aBC,  becaufe  e/and  c  -tf  are  each  perpcn*- 
dicularto  aB,  and  con fequently  parallel,  it  will  be  as  aC  to  ae^.. 
(o  is  CH  to  ef.    That  is, 
A^  die  Sine  of  the  Hypothenufe  AC  of  the  Triangle  ABCy 

To  the  Sine  of  the  Hypothenufe  AE  of  the  Triangle  ADE  ; 
Sa  is  the  Sine  of  the  Penpendicular  BC  of  the  Triangle  ABCy 
.  To  the  Sine  of  the  Perpendicular  DE  of  the  Triangle  ADE^ 
Or,  As  c  H  to  efy  fo  is  /z  C  to  a  e.    That  i^; 
As  the  Sine  of  the  Perpendicular  BC  of  the  Triangle  ABC; 

To  the  Sine  of  the  Perpendicular  DE  of  the  Triangle  ADE ;. 
So  is  the  Sine  of  the  Hypothenufe  AC  of  the  Triangle  ABCy 

To  the  Sine  of  the  Hypothenufe  AE  of  the  Triangle  ADE. 

Propofirion  the  it/,  or  Axiom  the  id;  i 

In  Right-*angled  Spherical  Triangles  having  the  fame  Acute  Angle 
jDt  the  afe,  the  Sines  of  the  Bafes  are  in  Dired  Proportion  to  the 
Tangents  of  the  Pe.rpendiculais  3  and  on  the  contrary. 

From  the  Point  jD  (in  the  former  Scheme)  draw  DS  sl  Perpendicur 
Jar,  andDd  aParalicl  to  the  Axis  or  Radius  Any  then  will  ad  c^^ 
qual  to  DSy  be  the  Sine  ot  the  Bafe  AD  of  tlie  Triangle  A  D-E,  as 
»  A^  the  Sine  of  the  Bafe  AJB  ptthe  Triangle  ABQ. 

.    Frontt 
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From  J  in  theScaor  aBC  draw  dg  a  Perpendicular  to  the  Bafe  «  jB, 
which  will  be  equal  to  DG  in  the  Sedor  aDE,  the  Tai^nt  of  the 
Arch  DJE  the  Perpendicular  of  the  Triangle  JDE.  (For  the  Rights 
lined  Triangles  RDG  and  ^^ad g are  eqnal  (by  the  tdGeom.  fnf. 
.of  Part  the  ift,)  as  is  JBiCaPerpendicnlar.'to  itB  from  thePbmt 
Bi  a  Tangent  of  tlie  Arch  jS  C  the  Perpendicular  of  the  Triangle 
ABC. 

Wherefore,  becaufe  in  the  Seftor  aBKydg  and  BK  are  each  Per- 
pendicular to  a  By  and  confequently  parallel  to  each  other,  ic  wifl 
be>  As  AB  to  Ad,  fo  is  BK  to  i^    That  i^. 

As  the  Sine  of  the  Bafe  Afi  of  the  Triangle  ABC, 

To  the  Sine  of  the  Bafe  AD  of  the  Triangle  ADE ; 
So  is  the  Tangent  of  the  Perpendicular  BC  of  the  Triangle  ABC^ 

To  the  Tangent  of  the  Perpendicular  DE  ot  the  Triangfe  ADE. 

And  on  the  contrary,  As  BK  to  dg^  fo  is  AB  to  A  d  That  is. 
As  the  Tangent  of  the  Perpendicular  JJCof  the  Triangle  ABC, 

To  the  Tangent  of  the  Perpendicular  D£  of  the  Triangle  ADE^ 
So  is  the  Sine  of  the  Bafe  AB  of  the  Triangle  ABC^ 

To  the  Sine  ot  the  Bafe  AD  of  the  Triangle  ADE. 

Let  a  b  repre{ent  the  Bafe  of  a  Spherical  Triangle  a  be  Right- 
angled  ati,  then  will  *^  be  the  PerpencKcular,  ^c  the  Hynothe- 

'    '  nufe,  ^  /f  c  the  Angle  at  the  Ba(e,  and 

.^t.^,^^^^^  ac  b  iht  Vertical  Angle,  or  Angle  at 

\        ^1        the  Perpendicular* 

Produce  the  Sides  ab^  ac^  and 
b  Cy  till  ad^  ae,  c  i,  and  c  h,  are 
Quadrants,  and  about  the  Points  a 
and  c  as  Poles,  deferibe  the  Great 
Circle  d  efg^  iad  i  bg^  then  will  the 
Angles  at  J,  «,  f,  and  b,  be  Right- 
angles,  /  the  Pole  of  the  Circle  a^d^ 
and  g  the  Pole  of  the  Cir^  ac^i  ; 
alfo  bd  the  Complement  of  bop  and 
^/ the  Complement  of  fe  equal  to  ed,  the  Meafpre  of  the  Angle 
at  A,  in  like  manner  bf  the'  Complement  of  fc  k  equal  to  eb^ 
and  i  e  the  Complement  of  c  e  equal  to  n  c ;  alfo  g  b  the  Comple- 
ment of  bi^  the  Meafure  of  the  Angle  b€i  equal  to  dtb^  toele 
thingis  being  p;emifed  it  follows, 

I.  That 
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I.  That  flic  Radius,  the  Sine  of  the  Hypothcnufe,  the  Sine  of 
the  Angle  ac  the  Bafe,  and  theJSine  pf  the  Perpendicular^  are  dire&ly 
proportional. 

Or, 

The  Radius,  theSincofthe  Hypochenuie,  the  Sine  of  on):  of  the 
adjacent  Angles,  and  the  Sine  of  the  oppofite  Side  or  Leg,  are  di- 
re&iy  proportional 

For  in  the  two  Spherical  Triangles  /i ^ c  2nd  ad e^  Right-angled 
at  i  and  ^,  becaufe  ^  c  is  lefs  than  a  Quadrant,  its  oppodce  Angle 
a  at  the  Bafe  common  to  both  Triangles  will  be  Acute.  Wherefore, 
by  the  jft  Profofimn  it  will  be,  ksS.  aeiS.  ac  \z^.ed:Si  cb. 
That  is,  becaufe  ae  is  a  Qiiadrant,  As  the  RxS.ac  wS^b  ac  -. 
S.  tc. 

2-  The  Radius,  the  Sine  of  the  Bafe,  the  Tangent  of  the  Angle 
at  the  Bafe,  and  the  Tangent  of  the  Perpendicular,  arc  divcStly  pro- 
portional. 

Or, 

The  Radius,  the  Sine  of  one  of  the  Legs,  the  Tangent  of  the  ad- 
jacent Angle,  and  the  Tangent  of  the  other  Leg,  are  direfily  pro- 
portionah 

For  becaufe  be  is  lefs  than  a  Quadrant,  the  two  Spherical  Trian- 
gles abc  and  ade  Right-angled  at  b  and  d^  will  have  the  fame  Acute 
Angle  *  a  ^  at  the  Bafe ;  wherefore,  by  Prof,  the  id  it  will  be.  As 
the  Sine  of  ^  ^  to  the  Sine  of  a  by  fo  is  the  Tangent  of  ^  c  to  the 
Tangent  of  ^^ ;  that  is,  becaufe  a  dis  a  Quadrant,  As  RiS.abii 
tybaczXibc. 

}.  The  Radius,  the  Q)-fine  of  the  Bafe,  the  Co-fine  of  the  Per- 
pendicular, and  the  Co-fine  of  the  Hypothenufe,  are  diredly  pro- 
poctionaL 

The  Radius,  the  Co-fine  of  one  of  the  L^,  the  Co-fine  of  the 
otiier  Leg,  and  the  Co-fine  of  the  Hypothenufe,  are  diredly  pro- 
portional. 

For  in  the  two  Spherical  Triangles  fdb,  fec^  Right-angled  at  d 
and  «,  becaufe  c  e  the  Complement  of  a  c  is  lefs  than  a  Quadrant,  the 
Angle  ife  at  the  Bafe  common  to  both  Triangles  will  be  Acute ; 
wherefore  by  the  ift  Prof,  it  will  be.  As  S.fb :  S.  ^^: :  S./c :  S.ce. 
That  is  (becaufe/  b  is  90  Degrees)  As  K :  c  s, /i ^ ::  c  s,c  ^ :  c  s, :  /tc. 

4.  The  Radius,  the  Co-fine  of  the  Angle  at  the  Bafe,  the  Co- 
ll hh  tangent 
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tangent  of  the,  Bafe,  the  Cotangent  of  the  Hypotheniifc,  are  di- 
rtdly  proportional* 

Or, 

The- Radius,  the  Co-fine  of  one  of  the  Angles,  the  Co-tangent 
of  its  adjacent  Leg,  and  the  Co-tailgent  of  the  Hypothenufe,  arc  di- 
reftly  proportional. 

For  in  the  two  Spherical  Triangles  / J  *„/^c,  Right- angled  at 
J  and  Cj  becaufe  c  e  the  Complement  of  ^  c  is  lefs  than  a  Qiiadranr, 
the  Angle  cfe  at  the  Bafe  common  to  both  the  Triangles  will  be 
Acute.  Wherefore  by  the  2d  Prop.  As  S,fd  '.S.fe::tytd:t^ce. 
That  is  becaufe/^  is  a  Quadrant,  AsR  :  c  s^t  a  c : :  c  tyat  i  ct^  a c. 

5.  The  Radius,  the  Co-fine  of  the  Perpendicular^  the  Sine  of 
the  Angle  at  the  Perpendicular,  and  the  Co  fine  of  the  Angle  at  the 
Bafe,  are  direftly  proportional. 

Or, 

The  Radius,  the  Co-fine  of  one  of  the  Legs,  the  Sine  of  its  ad-^ 
jacent  Angle^  and  the  Co-fine  of  its  oppofite  Angle,  are  diredly 
proportional. 

For  in  the  two  Spherical  Triangles  c  i  /&,  c  ef^  Right-angled  at  i 
and  ^,  becaufe/^  the  Complement  of  e  d,  the  Meafure  of  the  Angle 
a  is  lefs  than  a  Qtiadrant,  the  Angle  at  the  Bafe/  c  e  equal  toad,  the 
Angle  at  the  Bafe  c  e  common  to  both  the  Triangles  will  be  Ac&te ; 
wherefore  by  Pr6/>.  the  i/?.  As  S.  ch  :  S.  cf: :  S.  hiiS.fe  y  that  is, 
becaufe  c  i&  is  a  Quadrant,  As  R:  cs^bc  i:  S.  a  c  b  :cs,i  ac. 

6.  The  Radius,  the  Co-fine  of  the  Hypothenufe,  the  Tangent  cf 
the  Angle  of  the  Perpendicular,  and  the  Co-tangent  of  the  Angle  at 
the  Bafe,  are  direftly  proportional. 

Or, 
The  Radius,,  the  Co-fine  of  the  Hypothenufe,  the  Tangent  of 
one  of  its  adjacent  Angles,  and  the  Co-tangent  of  the  other  adjacent 
Angle  are  dircftly  proportional. 

'  For  in  the  two  Spherical  Triangles  c  ih,  c  efy  Right-iangled  at  i 
and  Bi  becaufe  fe  the  Complement  of  e  d,  the  Meafure  of  the  An- 
gle a  is  lefs  than  a  Quadrant,  the  Angle  at  the  Bafe/ ce  common 
to  both  is  Acute ;  therefore  by  Prop,  the  2  J  it  will  be.  As  S.  c  r : 
S.cewtjihiiyefy  that  iSy  becaufe  c  i  is  a  Quadrant,  ksRic  s^ac 
::  tyb  caict,:bac. 

7.  Hence  we  are  taughtj,  how  from  any  two  Parts  of  a  Right- 
angled  Spherical  Triangle  (befides  the 'Right-angle)  to  find  theceft, 

for 
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for  Ex^iffi^/r,  Suppofc  thp  Hypothcnufe  and  Angle  at  Bafe  were 
given^  «>  find  the  Perpendicular,  it  will  be  by  the  iH  Cor.  As  the 
lUdii)$  to  the  Sine  of  the  Hypothenufe,  fo  is  the  Sine  of  the  Angle 
at  theBafc,  to  the  Sine  of  the  Perpendicular  Again,  if  the  Per- 
pendicular and  Angle  at  the  Bafe  were  given,  to  find  the  Hypothe- 
nufe, it  will  be  by  the  fame  Cqy.  As  the  Sine  of  the  Angle  at  the  Bafe 
to  thi?  Sine  of  the  Perpendicular,  fo  is  the  Radius  to  the  Sine  ot  the 
Hypothenufe ;  alfo  if  the  Perpendicular,  and  Hypothcnufe  were  gi- 
ven, to  find  the  Angle  at  the  Bafe,  it  will  be  by  the  fame  Cor.  As 
the  Sine  ol  the  Hypothenufe  to  the  Radius,  fo  is  the  Sine  of  the  - 
Perpendicular  to  the  Sine  of  the  Angle  at  the  Bafe. 

After  the  fame  manner,  by  the  help  of  the  other  CoroUarys^  may  all 
the  Cafes  of  Right-angled  Spherical  Triangles  be  Refolvcd ;  as  (hall 
be  Exemplified  more  at  large  in  the  next  SeB/on- 

From  a  diligent  Confideration  of  the  preceding  CoroSarys,  the 
Lord  Napier y  the  firft  Inventor  of  the  Logarithms y  contrived  two 
General  Rules,  eafy  to  be  retained  in  Memofy,  by  the  help  of  which 
the  federal  Cafes  oi  Right-angled  Spherical  Triangles  might  csiCily  be 
lefdved.  for  fincc  in  every iTriangle,befides  the  Right-angle  there 
arc  three  Sides  and  two  Angles ;  ^he  two  Sides  comprehending  the 
Right-angle,  together  with  the  Complements  of  the  other  three  he 
called  th^  five  Circular  Parts  ;  and  becaule  in  every  Triangle  there 
«re  always  two  things  given  to  find  a  third,  one  of  thefe  three  which 
he  oiled  the  Middle  Part  is  either  adjacent  to  the  other  two,  in 
which  Cafe  they  are  called  Extr earns  AdjunEiy  or  feparated  from  each 
of  them  by  fomc  Side  or  Angle,  which  is  neither  given  nor  required, 
aod  are  therefore  called  Extreams  DisjunSt ;  thus,  if  the  Complen>ent 
of  the  Hypothenufe  a  c  (See  the  former  Figure)  is  taken  for  the 
Middle  Part,  the  Complements  of  the  two  adjacent  Angles  a  and 
£  are  tlie  Extreams  Ad]^nd,  and  the  two  Legs  a  b  and  h  c  containing 
the  Ri^c-angle^  are  the  Extreams  Disjund. 

Again,,  if  the  Complement  of  the  Angle  a  or  Angle  at  the  Bafe, 
be  taken  for  the  Middle  Part^  the  Complement  oi  the  Hypothenufe 
a  c^  and  the  adjacent  Leg  or  the  Bafe  ahy  are  the  Extreams  Adjund, 
but  the  Complement  of  the  other  Angle  c  or  Angle  at  the  Perpendicular, 
and  the  Perpendicular  or  Leg  b  c,  are  the  Extreams  Dlsjund  ;  in  like 
manner,  if  the  Bafe  or  Leg  at  be  taken  for  the  Middle  Part,  the 
Q>mplfiHCnt  of  the  Angle  a  or  Angle  at  the  Bafe,  and  the  Perpen- 
dicular^  ace  the  Extreams  Adjund  ;  for  th^  Right-angle  t  being  at- 

H  h  h  2  ways 
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way  s  given  makes  no  reparation,  but  the  Complemefits  oPtfae  Hy* 
pothenufe  a  c,  and  the  oppofite  Angle  c,  or  Angle  at  the  Perpendi- 
cular are  the  Extreams  Disjund ;  tbefe  things  being  premifed^  the 
Rcafon  of  the  two  Rules  will  evidently  appear,  viz,. 

Rule  1. 

That  in  every  Right-angled  Spherical  Triangle,  the  Rcftanglc  or 
Produd  made  of  the  Radios  and  the  Sine  of  the  Middle  Part,  is  e* 
qual  to  the  Redangle  or  Produd  made  of  the  Tangents  of  the  Ex^ 
trcams  Adjunft. 

Cafe  I .  Lex  the  Complement  of  the  Hypothenufe  acbc  taken  for 
the  Middle  Part,  then  will  the  Complements  of  the  two  Adjacent 
Angles  a  and  c  be  the  Extreams  Adjund  ;  and  by  the  6tb  preceding 
Corol/ary  it  will  be.  As R:  cs^  ac  ::t,  i c a*  c  1^1/ ac.  That  is,  by  pcr- 
.rautction.  As  R:tybca:\  cs^ac  \  ct^ta  c;  but  by  the  known  Pro- 
perty of  the  Tangents,  proved  in  Page  79,  the  R:  t^ic a::  ct,ica 
:  R ;  therefore,  As  ct,b ca  :R::cs,ac:  cVytac;  and  confcqucntly 
(by  the  i$th  Geom.  iCheor.)  /ixcs,  ac^^ctybcaxcx^l^  a  c.  That  is, 
the  Radius  multiplied  into  theCo-fme  of  the  Middle  Part,  is  equal 
to  the  Pfoduft  of  the  Tangents  of  the  Extreams  Adjund,  for  as  the 
Co-fine  of  /I  c  is  the  Sine  of  the  Middle  Part,  fo  the  Co-tangents  of 
the  Angks^  and  c  are  the  Tangents jof  the  Extreams  Adjunft. 

Cafe  2.  If  the  Complement  of  the  Angle  a  at  the  Bafe  be  taken  for 
the  Middle  Part,  the  Complement  of  the  Hypothenufe /i  c,  and  the 
Bafe  ab  will  be  the  Extreams  Adjund,  and  by  the  /^th  preceding 
Cor. it  will  be.  As  R  x  cs,tac: :ct,  at  ict^a c.  That  is  by  per- 
mutation, As  jR  :  c  t,  a  ^ :  :  c  s,^  i9  r  :  c  t,  /I  c  ;  but  R:  ctyabx  xt^ab 
:  R  ;  wherefore,  vab\  R  :  ics^bac  ictyCc  i  and  confequently, 
v,abxctyac'=RxcSyb7tci  that  is  the  Radius  multiplied  into  the 
Sine  of  the  Complement  of  the  Angle  a  or  Sine  of  the  Middle  Part, 
is  equal  to  the  Produd:  of  the  Tangent  of  ^^  one  of  the  Extreams, 
into  the  Tangent  of  the  Complement  of  ^c  the  other  Extream. 

By  the  fame  parity  of  Reafon,  if  the  Complement  of  the  Angle  c  be 
taken  for  the  Middle  Part,  the  Complement  of  the  Hypothenufe  ac 
will  be  one  of  tl^e Extreams  adjacent,  and  the  Perpendicular  the  other  i 
and  confequcntly  by  changing  a  for  c  the  Rxc  s^bc  tf=t,  c  bxc  t,  a  c. 

Cafe  3  .ilf  one  of  the  Legs  ^  ^  be  taken  for  the  Middle' Part,  then  the 
Complement  of  the  adjacent  Angle  at  a  will  be  one  of  the  Extreams 
Adjund,  and  the  Perpendicular  b  c  the  other  Extream ;  but  by  the 
id  preceding  Cor*  it  will  be,  As  H.:  S.ab;xz^bac:t,bc}  that  is, 
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by  pcrmatatjon.  As  A:t,*ijc :  :S./i*:t,*c  ;  but  bccaufe  the  il ' 
tyia  c  :  '.ciybac  :il  5  therefore,  ct,tac:  R:  :  S.akiz^b  c  ;  and 
confcquenily  RS.at=t,lfcxctlfac.  That  isi  the  Radius  multi- 
plied into  the  Sine  oiab  of  the  Middle  Part,  is  equal  to  the  Produd 
of  the  Tangent  of  ^  c  one  of  the  Extreams,  multiplied  into  the  Tan^ 
gent  of  the  Complement  of  the  Angle  at  a  the  other  Extream. 

After  the  faipe  manner  it  may  be  proved,  that  i(  he  the  other  Leg 
be  taken  for  the  Middle  Part,  that  the  lUdius  multiplied  into  the 
Sine  of  the  MiddlcPart  b  c,  will  be  equal  to  the  Produft  of  the  Tan- 
gent o(at  one  of  the  Extreams  Adjund,-.multipled  into  the  T^in- 
gent  of  the  Complement  of  the  Angle  c  the  other  Extream  j  where- 
torc,  &c^  as  was  to  be  proved. 

Ruli  2s 

The  Re&angle  under  the  Radius  and  the  Sine  of  the  Middle  Part, 
is  equal  to  the  Produd  of  the  Co-Hnes  of  the  Extreams  Disjund, 
thus  if  the  Complemait  of^rcbe  taken  for  the  Middle  Part,  the 
Legs  a  b  and  b  c  will  be  the  Extreams  Disjund,  but  by  the  ji  pre- 
ceding CorcUary^  As  RiQSyab  \\  cSybcxcSyac.  Wherefore,  Rx 
c%ac=:csyabxcs,bc  ;  that  is  the  Radius  multiplied  into^the  Sine  of 
the  Complement  of  the  Hvpothenufe  a  c  the  Middle  Part,  is  equal 
to  the  Produft  of  the  Co-iines  of  the  Legs  a  b  and  be  the  Extreams 
Disjund.. 

Cafe  2.  Let  the  Complement  of  the  Angle  a  be  taken  for  the 
Middle  Part,  then  will  the  Complement  oi  the  Angle  at  e  be  one 
of  the  Extreams  Disjund,  the  Leg  b  e  the  other,  but  by  the  $tb  pre- 
ceding CoroSary  the  R  icSybe::S.bc  a  ics^b  ac  ;  wherefore,  Rx 
csJbac^=:cs,bcxS,b€a.  That  is,  the  Radius  multiplied  into  the 
Sine  of  the  Complement  of  the  Angle  a  the  Middle  Part,  is  equal 
to  the  Produd  of  the  Co-fine  of  ^  c  one  of  the  Extreams,  multiplied 
into  the  Sine  of  the  Angle  c,  the  Complement  of  the  other  Extream. 

After  the  fame  manner  it  may  be  proved^  that  if  the  Complement 
of  the  Angle  at  c  be^  taken  for  the  Middle  Part,  that  the  Radius  mul- 
tiplied into  the  Sine-  of  the  Complement  of  the  Angle  c  the  Middle 
Part,  will  be  equal  to  the  Produft  of  the  Sine  of  the  Angle  a,  the 
Complement  of  one  of  the  Extreams,  multiplied  into  the  Co-fine  of 
a  ^  the  other  Extream- ' 

Cafe  3.  Ifab  one  of  the  Legs  be  taken  tor  the  Middle  Part,  then* 
the  Complement  of  ac  the  Hypocnenofe,  will  be  one  of  the  Extreams 
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DisjunA,  and  the  Complemtnt  of  the  oppofitte  Angle  e  will  be  the 
other  Extream,  but  by  the  iji  preceding  Cor.  AsR:S.ae::SMct> 
iS.ah;  wherefore,  RxS,ab^S.acxS.ac»t.  That  is,  tjie  Radius 
multiplied  into  the  Sine  of  4  ^  the  Middle  Part,  is  equal  to  tlie  Sine 
of  ii  c  the  (Bomplement  of  oneof  the  Extreams,  multiplied  into  the 
Sine  of  the  Angle  at  c,  the  Complement  of  the  other  Extream. 

After  thfc  fame  Method  of  Reafoning  it  may  be  proved,  that  if 
*  c  the  other  Leg  be  taken  for  the  Middle  Part,  that  the  Radius 
multiplied  into  the  Sine  of  the  Middle  Part  tc,  will  be  equal  to  the 
Produft  of  the  Sine  of  a  r,  the  Complement  ol  one  of  the  Exrreams, 
multiplied  in  to  the  Sine  ofthe  Angle  a,  the  Complement  of  the  other 
^       '  Extream.  Wherefore,  C^Tc.as  was  tobeDcmonftrated. 

Whence  it  follows  univerfally,  that  the  Radius  multiplied  into  the 
Sine  of  the  Middle  Part,  is  equal  to  the  Produft  ofthe  Tangents  of 
the  Extreams  Adjunft,  or  to  the  Produd  ofthe  Co-fines  of  the  Ex- 
treams Disjund  ;  and  confeqncntly  if^cach  of  thefe' Equations  are  re- 
foived  into  Proportions,  by  the  Iwlp  ofthe  i$th  Prep,  ofthe  i ft  Part ^ 
the  things  required  will  be  readily  founds 

For  in  every  Equation  wher«  the  Middle  Part  is  fought,  the  Ra- 
'  dius  becomes  the  firil  Term  in  the  Equation,  and  the  Co-fines  or 
Tangents  of  the  Extreams  the  fecond  and  third  Terms  ;  but  where 
one  ofthe  Extreams  is  required,  the  Co-fin<j  or  Tangent  ofthe  o- 
ther  Extream  will  be  the  firft  Terra,  the  Radius  and  the  Sine  of  the 
Middle  Part  the  iecond  and  third  Terms,  and  in  each  Proportion  the 
thing  required  will  be  the  fourth  or  laft  Term. 

Let  us  fuppofe  for  Exampltj  that  the  Hvpothenufe  /re  and  the 
Angle  a  at  the  Bafe  were  given,  to  fin<i  the  Perpendicular  b  c,  becaufe 
in  this  Cafe  the  Perpendicular  be  is  the  Middle  Part,  and  the  Com- 
plements of  the  Hypothenufc  a  c  and  tlie  Angles  at  the  Bafe  arc  Ex- 
treams DSsjund,  the  RxS.  b  c=S.ba  cxS-  a  c,  by  the  third  Cafe  of 
the  id  Rule,  and  confequently  becaufe  b  c  thp  Middle  Part  isfdught, 
it  will  be  by  the  tBthGeom.7ht6r.  of|he  ift  Part^  As  RtoS^ac  the 
Complement  of  one  of  the  Extreams,  fo  is  the  Sine  of  the  Angle  a^ 
theComplement  of  the  other  Extream,  to  the  Sineot  i  c  the  Middle 
Part ;  that  is,  As  the  Radius  to  the  Sine  of  the  Hypothenufe,  fo  is 
the  Sine  of  the  Angle  at  the  Bafe,  to  the  Sine  of  the  Perpendi- 
-cular. 

Again,  if  the  Perpendic61ar  ^  r  and  the  Angle  a  at  the  Bad  were 
given,  to  find  cfce  Hypothenufe  a  c,  becaufe  in  (his  Otfi  the  Perpen** 
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dicQlar  i  c  tstfac  Middle  Part,  and  the  Complements  of  the  Hy  * 
porhenufe  a  c,  and  the  Angle  at  the  Bale  a  are  Extreams  Disjunct ; 
ih^  RxS.  h  c=S.  t  a  cxS.ac  by  the  third  Cafe  of  the  2d  Rule,  and  be" 
aufe  the  Hypodiefiufe  a  c  one  of  the  Exrreams  is  fought,  it  will  be 
by  the  i^tb  Geom.  Thetnr.ofthc  ift  Part,  As  the  Sine  of  the  Angle 
n,  the  Complement  of  the  other  Excreaoi,  to  the  Radius  ;  fo  is  the 
Sine  of  ^c  the  Middle  Part,  to  the  Sine^of  ^c,  the  Complement  of 
tl»c  Excrcam,  required.  That  is.  As  the  Sine  of  the  Angle  at  the 
liife,  to  the  Sine  of  the  Perpendicular -^  fo  is  the  Radius,  vo  the  Sine 
of  the  Hypothcnute. 

Again,  it  the  Hypothenufe  ^c  and  Perpendicular  i  c  were  given, 
to  6nd  the  Angle  a  at  the  Bafe,  becaufe  the  Component  Pares  of 
thcQiieftion  arc  ftill  the  fame,  as  in  the  two  former  Cafes y  RxS.kc 
=S.tacxS.ac,  by  the  ^d Cafe  of  the  zd  Ru/e,  and  becaufe  one  of 
the  Extreams,  viz..  the  Angle  a  is  fought,  it  will  be  by  the  i$t/j 
Geom.  Tbeor.  of  Part  the  ift.  As  the  S,ac  the  Complement  of  the 
other  Extteam,  to  the  Radius ;  £0  is  the  Sine  ok  the  Middle  Part  b  c, 
to  the  Sine  of  the  Angle  a,  the  Complement  of  the  Extream  requi- 
red. That  is,  as  the  Sine  ot  the  Hypothenufe  a  r,  to  the  Radius  ; 
io  is  the  Sine  of  the  Perpendicular  if  c,  to  the  Sine  of  the  Angle  at 
the  Bafe  a;  agreeing  exadly  with  the  Proportions  in  the  jtb  prece-  - 
ding  Corol/az-yy  deduced  from  the  ifi. 

For  the  Application  of  this  General  Rule  to  Praftice,  take  thefc  j 
following  Direftions, 

In  every  Right-angled  Spherical  Triangle 

I .  The  Middle  Part  is  always  a  Sine, 

1-  The  Extreams  Adjund  are  Tangents, 

3  •  The  Extream  Disjunct  Sine  Cortiplements,         "^ 

4.  The  Hypothenufe  and  the  two  adjacent  Angles  are  Comple-*- 
mental  Parts. 

y.  II  the  Middle  Part  is  fought  begin  with  the  Radius, 

6.  If  one  of  the  Extreams  be  fought  begin  with  the  other. 

And  for  the  more  ready  difcovering  at  firft  fight  which  is  the  Mid- 
dle PafC,  and  whether  the  Extreams  are  -^djimft  or  Disjuna,obfcrve,  . 
that  if  the  three  Parts  of  the  Triangle  which  make  up  the  Queftion, 
have  no  Interruption  between  them,  but  are  all  joyned  together,  then 
the  middle  Part  of  the  three  is  the  Middle  Parr,  and  the  other  two  are 
the  Extreams  Adjuhft ;  thus,  if  the  three  Parts  that  make  the  Quef- 
tion  were  a  c  the  Hypothenufe,  the  Angle  a  the  Angle  at  tl>e  Bafe,  and 

at 
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a  b  the  Bale,  then  in  this  Cafe  becaufe  the  three  parts  are  all  joyned 
together,  the  Angle  at  the  Bafe  is  the  Middle  Part,  and  the  other 
two,  f/K..  the  Hypothenufc  and  the  Bafe  are  Extreams  Adjunfi,  in 
like  manner,  if  the  Parts  that  make  up  the  (^eftion  are  the  Angle 
at  the  Bafe,  the  Bafc,  and  the.  Perpendicular,  (for  it  roattets  not 
which  are  given  or  which  is  required)  then.in  this  Cafe,  for  as  much 
as  the  three  things  are  all  joyned  together  (for  the  Right-angle  being 
known  m.il;cs  no  Interruption)  the  Bafe  or  middle  of  the  three  is  the 
Middle  Part,  and  the  other  two  Parts  are  Extreams  Adjund,  but  if 
the  Hypothenufe,  Angle  at  die  Bafe,  and  Perpendicular,  were  the 
three  Parts  to  be  conlidered,  becaufe  the  Perpendicular  is  feparated 
from  the  Hypothenufe,  on  one  Side  by  the  Angle  at  the  Perpendi- 
cular, which  is  neither  given  nor  required,  and  on  the  other  Side 
from  the  Angle  at  the  Bafe,  by  the  Bafe,  which  is  likewifc  neither 
given  nor  required,  in  this  Cafe  the  Perpendicular  or  Part  feparated 
from  the  reft  is  the  Middle  Parr,  and  the  Hypothenufe  and  Angle 
at  the  Bafe^  the  other  two  parts  of  the  QuelHon  are  Extreams  Dis- 
junA,  and  the  fame  Law  is  to  be  obferved  throughout  all  thcteA 
■of  the  Cafes* 
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Contdinlng  the  Jpplication  of  the  Four  formef  Srdions, 
to  the  ciBual  Solution  ofthe  Sixteen  Cafes  of  Right- 
angled  Spherical  Triangles.^  ^ 

IN  every  Spherical  Triangle  there  are  fix  Parts,  viz..  three  Sides 
and  three  Angles,  any  three  of  which  being  known  or  given, 
die  reft  may  readily  be  found,  aqd  the  various  Queftions  arifing 
from  changing  lihc  things  given  and  required  are  called  the  feveral 
Cafes  ;  and  in  Spherical  Trigonometry  are  reduced  to  28,  vise.  16 
in  Right-angled  Spherical  Triangles,  and  i^  in  Oblique-angled 
Spherical  Triangles,  and  ate  as  follow* 

ClCc    I. 

Given  the  two  Legs  to  find  the  Hypothenufe. 

Or, 
Given  the  Bafc  and  Perpendicular,  to  find  the  Hypothenufc 

Example. 
In  the  Spherical  Triangle  ABC,  Right-angled  at  B, 

«egiv«.|lg^:|°;|o:|,«,.^. 

Tlbe  Sterecpafhic  Solution. 
1.  Draw  the  Primitive  Circle  /rf  J?*, 
the  Diameter/ J3,  and  at  Right-angles  to 
ic  A  b. 

a.  SetoflFtheChprdofSC4odeg-  30 
mio  20  fee.  in  the  Primitive  Circle  from 
B  to  C,  atid  draw  the  Diameter  Cgy  and 
at  Right-ang)es  to  lien. 

3.  Set  OttBA  equal  to  50  deg.  30  min. 
^o  lee.  in  the  Right  Circles  from  B  to  Ay 
by  Cafi  the  zd  Proi.  the  Cthy  StSl.  the  id. 

lii. 


66^  Spherical  Trigonomf try. 

4.  Thro'  the  Points  C  and-rf,  draw  a  Great  Circle  as  CAg,  by 
pToiflem  the  ifi  of  SeSiion  the  3^,  and  the  thing  is  done  ;  and  AC 
may  bcmeafured  by  the  id  Cafeoi  Problem  the  y^A,  &Si(?»the  2d. 


\ 


Lcgarithmicalfyy  or  by  Calculation. 


Produce  the  Sides  ^-B,  SC,  and  ^C> 
to  D,F,  and  £,  till  ^A  £i^,-and  AE^ 
are  Quadrants,  and  about  the  Point  J 
as  a  Pole,  defcribe  the  Arch  DEF^  then 
in  the  two  Spherical  Trianc^les  FBD 
and  R:£  Right-angled  at  D  and  £, 
and  having  the  fame  Acute  Angle  F  at 
the  Bafe  arc  given,  S  D  the  Complc-^ 
ment  of  ^5,  CP  the  Complement  of 
SC,  whence  to  find  CE  the  Complement  of -4C>  it  will  by  Ax. 

'    AsthcS.FB:S.FC:S.BD:S.CE.    That  is, 
BecaufcFS  is  a  Quadrant,  and  that  the  Sine  of  90  deg.  is  equal 
to  the  Radius  (which  Law  muft  be  obferved  m  all  tly  following 

Cafes )  ■"         ' 

As  the  Radius •■ — ; -10.0000000 

To  the  Co  Sine  of  the  Perpendicular  05=40.30.20    p.88ioopS 
Sa  is  the  Confine  of  the  Bafe  ^^=50.30.30. — -^8034338 

To  the  Co-fine  of  die  Hypothemjfe  4C=tf  1.04.5(5^9.(584443  j 

Or. 

AstheSceantofthePcrpendicuUr  SC==4°  jV  *o"— 10.11 8ppDj 

To  the  Radius • ■ '-' 10.0000000 

So  is  the  Co-fine  of  the  Bafe  4A=5o.3o-3»— ' "ZJt^l^Hl 

To  the  Co-fihc  of  the  Hypojieimfe  AC=6ia^s6-^9'^^44,^3i^ 
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Or, 

As  the  Secant  oF  the  Bafe  ^J?~5  0.3  0.30  -«-. 


^T 
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To  the  Radius  '    '  '  ■     ■  10.0000000 

'So  is  the  Co-fine  of  the  Perpendicular  JBC=40'3o.2o-~'5>.88ioop5 

To  the  Co-fine  of  the  Hypothenufe  -4C=r(yi,04.y5 — =-9.584443? 

Cafe  2. 

Givto  the  two  Legist,  to  find  either  of  the  oppofite  Angles. 

The  Bafe  and  Perpendicular  being  given;  to  find  the  Angle  at 
the  Bafe,  or  the  Angle  at  the  Perpendiculat. 

In  the  Spherical  Triangle  ABC  Right-angled  at  By 


The  Stercographical  Conftrudion  ot 
this  Cafe  is  the  fame  with  the  former, 
and  the  Angle  at  C  may  be  mealured  b^ 
C^the  id  oi Proklem iht  iothy  o( SeSi. 
die  2J^  and  the  Angle  at  A  by  C^e  the 
^d  of  the  fame  Problem. 


Log^ithmicaSyy  ox  hy  Cakulatit^n. 

Prodiice  the  Sides  AB  and  ACy  to  D 
and  E,  till  AD  and  -<f£atc  Quadrants, 
and  joyn  the  Points  D  and  £  by  the 
Arch  of  a  Great  Circle  £>£,  of  wliith 
A  is  the  Pole ;  thctt  in  the  two  Spheri- 
cal Triangles  ABC  and  ADE,  Right- 
atigled  at  J  and  Dj  are  giren  AB  and 
5C,  whence  to  find  DE  the  Meafwtc 
of  Ac  Angle  -4,  it  will  be  by  Ax.  id.^ 

lii  2 
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As  the  S.  AB  :  S.  JD ;  :  t,  fiC  :'t,  DE.  '  That  is. 
As  the  Sine  of  the  Bafc  or  Leg  AB=so^  30'  S*"  — 9  8874  j?» 


To  the  Radius •- v  '         *■»     ■  ■    io.( 

So  is  the  Tang,  ol  Perpendicular  or  Leg  BC~^o. 30.10  9-93 15842 

To  the  Tang,  of  the  Angle  at  the  Bafe  A^^j.^^io  10.044126a 

Or, 

As  the  Radius'  .  »  '  «-      ■     ' lO- 


mm 


To  the  Co-fccant  of  the  Bafe  -^5=50.30,30  10.1125418 

So  is  the  Tangent  of  the  Perpendicular  ^0=40.30.20—9.93 15842 


<* 


To  the  Tangent  of  the  Angle  at  Bafe  .4=47.54.20 — 10.0441260 

■      1 1  — — > 

Becaufe  the  Tangents  and  Co-tangents^  of  Arches  arc  rcccipro^ 
cally  proportional  it  will  be, 

As  t,  BC  i.Ri :  S'  AB':  ct,<A.    That  is,  . 
As  the  Tangent  of  the  Perp.  or  L^  J3C=40.jo.ao  -=- — 9.93  ri^4  a 

To  ^he  Radius  ■    .  —— 10.0000000 

§0  is  the  Sine  of  the  Bafc  or  Leg  -^5=50.30.30,1—- 9.88745^2 

To  thir  Co-tangent  of  the  Angleat  Baf^  ^^=47.54.20  P.95  J8740 

Agreeing  exaftly  with  the  former,  and  is  the  fame  Proportion  ^as 
is .  deduced  from  the  Lord  Napier s  7%eorem. 

Again; 
Produce  the  Sides  CB  and  CA  to  L  and  K, 
till  CL  and  CK  are  Quadrants,  and  about 
the  Point  C  as  a  Pole,  defcribe  the  Arch 
KL  i  then  in  the  two  Spherical  Triangles 
CBA  and  CLK  Right-angled  at  B  and  L, 
are  given,  CB  and£^,  whence  to  find  KL 
the  Meafureofthe  Angle  at  C^  it  will  be 
by  Ax^  the  2^ 

As 
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As  S.  CB I  S.  CL  : :  t,BA  t,  LK.    That  1$, 
As  the  S.  of  the  PerpendicnUr  or  Leg  C-8=4o'*  30'  20"  9-812^937 


•»■ 


To  the  Radius ^ ^— ■  io,( 

So  is  the  Tangent  of  the  Bafe  or  Leg  AB:=$o,^o,j  o— -10^840242 

To  the  Tangent  of  the  Angle  atPerp.C=5i.5o.2p — 10.2714505 

Or,  

As  the  Radius        ' '  ■■     *  '  — •  ■  '         — ^'  x ooooooo^ 

■  I  I '    ■ 

To  the  Co-fecant  of  the  Perpendicnlar  CJSs40.30.20  10.1874053 
So  is  the  Tangent  of  the  Bafe  ^£=50.30.30    ^       — 10.0840242 

To  the  Tangent  of  the  At^le  at  Perpr  C=5i.5o.a  j^  10.271^430$ 

Or  according  to  the  Lord  Nafiers  7%e^em, 

As  the  x^dB  tRiiS.BCic  t,  <jC.    That  is. 
As  the  Tangent  of  the  Bafe  or  Leg  ^£=50.30.30  —  10.0840242 

To  the  Radius  *        '■  »  ■■         ^ — 10.0000000 

So  is  the  Sine  of  the  Bafe  Leg  or  £0=40.30.20  9.^125^37  . 


To  the  Co-tangent  of  the  Angle  at  Perp.  0=5*1*50.29  9-719^69$ 

Cafe  5. 

Given  the  Hypothenufe  and  one  of  the  adjacent  Angles,  to  BxaA 
the  other  adjacent  Angle- 

Or, 
Given  the  Hypothenufe  and  Angle  at  the  Perpendicubu:  to  find 
the  Ang^  at  the  Bafe. 

Example^ 

In  the  Spherical  Triangle  ABC^  Right-angled  nxB^ 

"The  &€T€(iigrafhic  S$tution* 

!•  Havmg  drawn  the  Primitive  CitdcfdBb  thro*  the  Point  C^ 
takca  at  pleafure,  draw  the  Great  Circle  CA  B^  forming  an  A^c 


7©  Spherical  Trigbrntnetry* 

o(  6i  dcg.  50  rtin  29  fee  with  the  Pri- 
mitive Circle  in  the  Point  C,  by  Cafg  the 
jrf  of  Problem  the  ^th^  of  &fl.  the  2  J,  and 
find  its  Pole  f  by  C^^  the  ^d  of  />ro*&« 
the  ;i. 

2.  Lay  off  (^  I  deg.  04min-  55  fee-  the 
length  of  the  Hypothenufein  the  Oblique 
Circle  CA  g  from  C  to  ^,  by  Caft  tlic 
^d  o(  Problem  the  6th- 
3 .  Thro'  the  Cenm:  of  Che  Primitire  Circle  «,  and  the  Extremity 
A  of  the  Arch  CA,  draw  the  Diameter  or  Right  Circle  fob,  and 
at  Right-angles  to  it  the  Diameter  doh,  to  find  its  Poles  d  and  A, 
and  the  thing  is  done;  and  the  Quantit)^  of  the  .Angle  at  ^  may  be 
'found  by  Cafe  the  id oi Problem  the  ijotb  o(Se£lion  tiieid^ 

togarithmkallyy  or  by  CaJcuiatioH* 

-    I ..  Having  produced  the  Sides  AB,  AC,  EC,  to  D,  E,  and  P^ 

till  ^  Z7,  ^  £,  SFy  are  Quadrants,  and 
drawn  the  Great  Circle  DEpy  about  A  ai 
a  Pole. 

^.  Produce  the  Sides  CE,  CF,  EFy  of 
the  Triangle  CEF,  to  /,  ff,  G,  till  CI, 
CIfy  EGy  are  Quadrants,  and  draw  the 
Great  Circle  IFlG,  about  the  Point  C  as 
a  Pole,  then  in  the  two  Spherical  Trian- 
gles C/Zfand  CEF,  Right-angled  at  /  and 
\,  and  having  the  fame  Acute  Angle  C 
at  the  Bale,  are  giveti,  CE  the  Comple- 
ment of  the  Hypothcnufe  AC,  HI  the  Meafure  of  the  Angle  at  Per- 
pendicular C,  whence  to  findFjB  the  Coniplemcntof  £D,  the  MeaAure 
of  the  Angle  at  the  Bafe  A,  it  wiU  be  by  Axiom  tte  2d. 

AsS.CJiS.CE::t,lH:tyFE.    Thatis, 
R:  (S.CE=)Compy4C:  :t,(/H=<.C:t,CF£=;Comp<£D=:)<^. 

As 


As  the  Radios 
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ro.ooooooo' 


Terrhe  Co-fine  of  the  Hypothenufc  AC=6i04.  yd g  <y84444o 

So  is  the  Tang,  of  the  Angle  at  Perp.  C^di"  50'  i^"—io,z'ji^^oj 

To  the  Co-tangcntof  the  Angle  at  Bafe  -4=47.54.20^.9558755 

Or, 

Having  produced  the  Sides  CB,  CAy 
and  BAy  to  D,  £,  and  F,  tillCD,  C-^ 
and  BF  are  Quadrants,  and  defcribcd  the 
Great  Circle    DEFG ^zbowt  the  Point 
C  as  a  Pole,  produce  the  Sides  AE^  AF^ 
and  EFy  to  /,  /f,  and  G,  till  ^^  ^ff, 
and  jE^are  Quadrants,  and  about  the 
Point  -4  as  a  Pde,  draw  the  Great  Circle 
IHGy  then  in  the  two  Spherical  Triangles 
^//f  and  AEFy  Right-angled  at  /  and  £, 
and  having  the  fame  Acute  Angle  at  the  Bafe  A^  common  to  both^ 
wc  have  given  A&  equal  to  the  Complement  of  AC^  FE  the  Com- 
plement of  ED,  the  Meafure  of  the  Angle  at  C;  whence  to  find 
i// equal  to  the  Meafure  of  the  Angle  at  A,  it  will  be  by  Axioms 

As  S.  (AErsr)  Comp.  AC.  S,  Al=R ; :  t,CFE=)  Comp.  (^D= 

<C  :  t,  HI=)<  A.  That  is, 

Asthe  Co-fineof  the  Hypothenufc  AC=5xo4  55— —— 9.^^44449; 


To  the  Radius 


"9    * 


io.ooooooa 


Soisthe  Co-tangeittoftHc  Ang-at  Perp.  C=:di''  jo'  29"*g^7i8j593, 

Totbe  Tang,  of  die  Ar^.  at  the  Bafe  A =47. 5  4; 

Or,^ 
As  the  Radiot     ■  > 


■r-*" 


10-0441244* 
—- '1    ■        ^ 

^00000000* 


Ta  rfic  Secaot  of  the  Hypothenufc  AC=rtft.o4  J^io.Jryjyyi 
So  is  rhe  Co^-taagtnt  of  the  AngleatPerp.  C=tf  1.50*29— 9728569}. 

T(ube  Tinggntof  the  Ans,  at  the  BafeA=4.Tr.«A  *a  xa.nAAi  ^^^ 


\ 


Qt: 


Or  according  to  the  Lord  Napiers  1%eorem] 
Becaufe  the  Hypothenufe  AC  is  the  Middle  Part,  and  the  Angles 
at  the  Bafe  and  Perpendicular  the  Extteams  Adjunft,  it  wUl  be. 

As  c  t,<C :  R  : :  c  s,  AC  :  c  t,<A.    That  is. 
As' the  Co-tang?nt  of  the  Angle  at  the  Perp.C=<yi.jo,a^p.7285tfpj 


To  the  Radius  - 


lO.OOOOOOO 

-9.(J844449 


So  is  the  Co-fine  of  the  Hypothenufe  AC=5i  04.5^ — 
To  the  Co-tangent  of  the  Angle  at  Bafe  A=47J4»o  9^955^75^ 

Cafe   3 ; 

I  *  I 

Example  2> 

Given  the  Hypothenufe  and  Angle  at  the  Bafe,  to  find  the  An- 
gk  at  the  Perpendicular-     That  is. 
In  the  Spherical  .Triangle  ABC  Rightanglcd-at  B, 

{AC=6i.o4.5^      Z^„  ^c 
<A=47S4'2o"i'*^'<-^* 

'iht  Stert^graphic  Solution* 

iT  Having  drawn  the  Primitive  Circle  fdB  A,  draw  the  DiamctcC 
fis,  and  at  Right-angles  to  it  the  Diameter  or  Right  Circle  dh. 

2.  Set  off  the  Hypothenufe -4C  c- 
qual  to  tf  I  deg.  04  min»  56  fee.  from 
/  to  f,  and   draw 'the    Diameter 

3«  Set  off  42  deg*  05  min.  40  (cc. 
the  Complement  ot  the  Angle  at  the 
Bafe  A  in  the  Primitive  Circle,  fkom 
q  to  x^  and  draw  x  s  perpendicu- 
lar to  q  iy  and  s  C  parallel  tofS- 

4.  Thro'Cthelntcrfedionof  ^C, 
with  the  Primitive  Circle,  draw  the 
Diameter  C  g^  and  at  Right-angles 
to  it  the  Diameter  tf  n,  and  draw  the  Oblique  Circle  CAg,  form- 
ing an  Angle  of  47  deg- 14  mia.  ao  fee  with  the  Right  Circle  in  the 
Point  A,  by  Cafe  the  2d  oiPmtUm  the  j^A,  &f?-  the  24^  and  the 
thing  is  done;  and  the  Angle  at  the  Perpendicular  C  may  be  mca- 
fured  by  Cqf^  the  id  oi  Problem  the  lotb^  SeSi.  the  id^  Loga-^ 
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Having  made  the  fame  Preparation  as  in 
the  former  Cafc^  that  is,  havit^g  produced 
the  Sides  AB^  BCy  ACy  t^  c.  in  the  two 
Spherical  Triangles  CEF  and  C/ff,  Right- 
angled  at  fi  and  I,  and  having  the  Angle  at 
C  common,  we  fhall  have  given,  FE  equal 
to  the  Complement  of  £Z?,  theMeafureof 
the  Angle  at  A,  CE  equal  to  the  Gomple- 
raentof  AC  the  Hypothcnufe,  whence  to 
find  IH  the  Meafure  of  the  Angle  FCE  e- 
qual  to  the  Angle  ACB^  it  will  be  by  Ax. 
the  2d. 

As  S.  CE  :S.CI: :  t,  EF :  t,  /fl.     That  is, 
AsS,(C£=)ComjpvfC : «  : :  t,(£:F)Comp.  (ED=)<.A  :  tJH=^<C 
As  the  Co-line  01  the  Hypothenufe  AC=^i.o^.$6 p.6844449 


'-  •'   lO'OOOOOOO 


To  the  Radius  ^'■-     

So  is  the  Co-tang,  of  the  Angle  at  the  Bafe  i^:=:47.y4,ao  P.P55873  5 

TothcTang.  of  the  Angle  ac  the  fcrp.Ct=5i.5o.2p  lo.iji^iis 


Or, 

Having  produced  the  Sides  CB^  BA, 
CAy  to  Dy  £,  jF,  till  CD,  CE,  and  BF  h. 
are  Quadrants,  and  defcribed  the  Great 
Circle  D£F,  about  the  Point  C  as  a  Pole, 
&c.  as  in  the  former  Cafe,  in  the  two 
Spiierical  Triangles  AlHzt\i,  AEF Right- 
angled  at  E  and  /,  and  having  t;he  fame 
Acute  Angle  at  the  Bafe  A  common  to 
both,  are  given  AE  equal  to  the  Comple- 

ment  of  AC,  JM,eqviz\  to  the  Meafure  of  the  Angle  FAly  equal  to 
rhe  Angle  C/^B,  whence  to  find  FE  the  Complement  of  ED,  e- 
qua!  to  the  Meafure  of  the  Angle  C,  it  will  be  by  Ax.  the  zd. 

-As  S.  All  S.  AE  :  :  t,  //?:  t,  EF^     That  is, 
k :  S.(^E-)Comp.AC:  itXlH^XA  :  t,(F£=)Com.  (ED=^)<C 

Kkk  As 


\' 


;?4  Spherical  Trigonometry^ 

As  the  Radius       ■       --  ■  — — •  — • '—  — •  lo 


•!•:•:»  ii*!* 


To  the  Co -fine  of  the  Hypothcnufc  AC^6i.o^.$6' — ^9.6844449 
So  is  the  Tang,  of  the  Angle  at  the  Bafe  ^=47.54.20 — 10.04412^$ 

To  the  T.Comp.  of  the  Angle  at  Perp,  C=6i.$0'ip  — 97^85714 

.  ^  ""     ^ 

Which  is  the  (ame  Proportion  with  that  in  the  firft  Example  of 

this  Cafey  only  changing  A  for  C,  or  the  Angle  at  the  Bafe  tor  the 

An^e  at  the  Perpendicular. 

Or,    according  to  the  Lord  Napiers  7%eorem,  bccanfe  AC  the 

Hypothenufe  is  the  Middle  Part,  the  Angles  at  the  Bafe  and  Per- 

pendiculai:  the  Extreams  Adjunft,  and  the  Angle  at  the  Perpendicu<* 

br  required,  it  will  be. 

As  c  t,<.A  :  R  : :  c  s^^^AC  :  c  t,<C.  That  1$, 

As  the  Cb-tang.  of  the  Angte  at  the  Bafe  A=47.54  20— 9.95  5^873  5 

To  the  Radius  *■          ■      1     ■■■■           *»            ■^>— 10.0000000 
So  is  Co-/ine  of  the  Hypothenufe  AC=tfi  0^.55 9.6844449 

To  the  Co-tangcnt  of  the  Angle  at  Perp.  0=61,^0^29  g/jxZ^'ji^, 

Agreeing  exadly  with  the  two  former  Solutions^ 

Cafe  4. 

Given  the  Hypothenufe  and  one  of  the  Angles^  to  find  the  adjV 
cent  Leg. 

Or, 

Given  the  Hypothenufe  and  the  Angle  at  the  Perpendiculafx  to 
find  the  Perpendicular. 

Examfk^ 
Ih  the  Spherical  Triangle  ABC,  Right-angled  at  B^^ 

atcgivcn  {^cJ6\^l',^''}m'^C. 

Tie 


I 

I 
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The  Conflruaion  of  this  Cafe  is 
the  fame  with  the  firft  Example  of 
Ibe  third  Cafe,  and  the  Perpendi- 
cuUr  BC  may  be  meafured  by  Cafe 
the  ift  oi Problem  the  jthSeEiion  the 
2d, 


But  to  find  its  length  by  Calculation, 

Produce  the  Sides  AB,  AC,  fiC,  &c. 

as  in  Cafe  the  3  J,  then  in  the  2  Spherical 

Triangles  G  IE  and  G  HF,  Right-angl  cd 

at  H  and   I,    and  having  the  Cmic  A 

cute  Angle  at  the  Bafe^^G  common  to 

both,  we  have  given  GH  equal  to  the 

Complement  of  HI,  theMeafure  of  the 

Angle  at  C,  IE  equal  to  the  Hypothe- 

nufc  AC  whence  to  find  HF  equal  to  the 

Perpendicular  CB,    for  CH,    CI,  FB, 

and  FD  are  Qiiadrants,  it  will  be  by  Ax. 

ihctd.  ^ 

As  «.  IG  :  S.  GH  :  :  t,  IE  :  t,  HP.     That  is, 

R:S  CHG=:;  Comp.(HI=^KC:  :t,(IE=^Conap.CE=Comp.)AC 

:  t,  (HF=Comp.  FC=CompO  CB.    That  is, 

As  the  Radius lopoooooo 


'9-93 1 J 820 


To  the  Co-fine  of  the  Angle  at  Perp.  C=5i. 50,23^ — 9.^738(^^8 
So  is  the  Tangent  of  the  Hypothenufe  AC~di04.5tf—io.  2577191 

To  the  Tangent  of  the  Perpends  BC=40'3o-2^ 

Or, 

Having  produced  the  Sides  CA,  C^t 
B A,  to  E,  D.  F,  till  CE,  CD,  BF,  are 
Quadrants,  &€-  asJn  the  i/2  Example  of 
the  3  J  Cafey  in  the  2  Spherical  Triangles 
FDB  and  FEA,  Right-angled  at  D  and 
E,  and  having  the  fame  Acute  Angle  at^ 
the  Bafc  F  common  to  both^  we   have 

K  k  k  a  given 


y6  .  Spherical  Trigonometry 

given  FE  equal  to  the  Complement  of  ED,  the  Meafqrc  of  the  Angle 

*  at  C,  EA  equal  to  the  Complement  of  the  Hypothcnafc  AC, whence 

to  find  DB  equal  to  the  Complement  of  the  Perpendicular  BC, 

it  will  be  by  Ax.  the  id. 

As  S.  (FE=)  Comp.  (ED=}<C  :  S.  FD=R  : :  t,  (EA=)  Comp- 
AC:  t,(DB=)Comp.BC.    That  is. 

As  the  Co-fine  of  the  Angle  at  Perpen-  C=5i.50  tp 9.^73 &da8 


>•!     Ill  l» 


To  the  Radius     '■  ^  ■      -■       ■ ic. 0000000 

So  is  the  Co*tangent  oftheHypoth.AC=6i  04.55 9-^422808 

« 

To  the  Co-tangent  of  the  Perp-  BC=40'3o.2o ^lo  0684180 

Or,  • 

According  to  Napier s  T%eorem^  becaufe  the  Angle  C  is  the  Middle 
Part,  and  the  Hypothcnufe  AC,  and  Perpendicular  BC,  the  Ex- 
trcams  Adjiyift,  it  will  be, 

Asct,  AC:R:  :CS,<C:t,  BC,    That  is. 

As  the  Co-tangent  of  the  Hypothcnufe  AC=di  04. 56-^974228^8 


^•^ 


To  the  Radius     — "^  — ——  r    .^  ■^■'-■■^'  ■■  la.ooooooo 

So  is  the  Co-fine  of  the  Angle  at  the  Perp.C=5i. 50.29—9.5738628^ 

To  the  CO'tangent  of  thcPerpendicularBG=4o,3o.zo  p.9?  15820 


Gafe 


4< 


Example  2. 

Given  the  Hypothcnufe  and  Angle  at  the  Bafe,  to  find  the  Bafc. 

That  is. 
In  the  Spherical  Triangle  ABC^  Right-angled  at  B, 


»r^  «;„,„   t  ^0=61"  04'  Jtf"  1         j„ 


Thi3 
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This  Cafe  is  Conftrudcd  like  the  zi 
fx/iw])/^  of  the  3fif  Crt/tf,  and  AB  may 
be  mcafurcd  by  the  %d  Cafe  of  Pnbkm 
the  Tth  of  *S>S/>»  the  idi 


But  to  determine  its  length  by  Calculation* 

Produce  the  Sides  AB, BC  and  AC,  to 
D,  E,  and  F,  &c.  as  in  Cafe  the  ifi,  then 
in  ^hc  two  Spherical  Triangles  FDB; 
FEC,  Right-angled  at  D  and  E,  having 
the  lame  Acute  Angle  F  at  the  Bafe 
common  to  both,  we  have  FE  equal  to 
the  Complement  of  DE,  the  Meafure 
ofchc/Vngle  A,  EC  equal  to  the  Com- 
plement of  AC  the  Hypothenufe,  and  DB  equal  to  the  Compfe* 
ment  of  AB  the  Bafe,  and  it  will  be  by  Ax^  the  2d 

As  S.  f FE=)  Comp.  of  (DE=)  <A  :  (S.  FD=)  K : :  t,  CEC=:) 
Comp.  AC  :  t,  (BD=)  Comp.  of  AB.    That  is. 
As  the  Co-fine  of  the  Angle  at  the  Bafe  •A=47.54-2o— ^9-8^^3045 


To  the  Radius-      '  ^  ■  ■■  ■— >— 

So  is  die  Co-tangent  of  the  Hypoth.  AC=(Ji. 04,55' 

To  the  Co-tangent  of  the  Bafe  AB=5o.3o.3o— 

Or, 

Having  produced  the  Sides  CB,  BA, 
and  CA,  to  D,  E,  and  F,  dTc  as  in 
the  ifi  Example  of  the  ^d  Cafe  in  the 
two  Spherical  Triangles  G  IE  and 
GHF,  Right-^glcd  at  I  and  H,. 
and  having  the  fame  Acute  Angle  G 
^  cbe  Bafe  common  to    both,   we 


■*iH«B 


lO-OOOOOOO 

p-74228o& 


.S^i5P7d2 


ha^vi 


yt  Spherksl  Trigonometry. 

Jiavc  given  (?// equal  to  the  Complement  of /?/,  theMcafure  of  the 
Abgle  at  ^,  IE  equal  to  the  Hypothenufe  AC  (for  lA  and  EC  are 
Quadrants)  and  HF equal  to  theBafe  AB,  (for  HA  and  FB  sue  Qua- 
drants,) and  it  will  be  by  Ax^  the  id. 

.Asb.GJ-RiS'  (GH =)Comp.  (HI=)  <A : :  t,  (7£— Comp.  of 
£^^Comp.)^C :  t,(i/F-(Jomp.  of  F^^CompJ  ^5.    That  is, 
Asthe  Radius —         ■    ■  '■■ toooooooo 


To  the  Co-iine  of  the  Angle  at  the  Bafe  A^=:^t.$^.  io  ^.8253045 

So  is  the  Tangent  of  the  Hypothenufe  ^C=5 1.04.55 — 10.2577192 

■'■■''■     ■  ■     ■» 

To  the  Tangent  of  the  Bafe  AB  =50. 30. 30  -10.0840238 

Or, 

P,  ccording  to  Napiers  Theorem ^  bccaufe  the  Angle  at  the  Bafe  A  is 
the  Middle  Part,  and  AC  the  Hypothenufe,  and  AB  the  Bafe  Ex- 
,trcams  Adjunct,  it  wjll  be. 

As  c  r,  AO  :R:  :c  s^<ATt,  AB.    That  is, 
As  the  Co-tangent  of  die  Hypothenufe  AC-=^6 1^0^  55  — 9.74^2808^ 

To  the  Radius    ■  ■  ■        —  •__.  ^ .  ...    laooooooo 

So  is  the  Co-fine  of  the  Angle  at  the  Bafe  ^-=47,54.20~p.826304tf 

www  II       . ^^ 

Tp  the  Tatigent  of  the  Bafe  4^-8=50.30.30         ■     -lo  0840238 

Cafe  5. 

'Given  the  Hypothenufe  and  one  of  the  adjacent  Angles^  to  find 
the  Side  or  Leg  oppofite. 

Or, 
Oivcn  the  Hypothenufe  and  Angle  at  the  Perpendicular  to  find 
the  Bafe. 

Example. 

In  the  Spherical  Triangle  ABC  Right-anj^led  at  B, 

aregiven,  l<^c-r6i.5o:2p^^^-  '^^^ 

The  Stereogrnphhaf  Cvn/lruBion  of  this  C^ife  is  the  fame  with  tlit 
ifl  Example  of  the  ^d  Cafe,  and  AB  theBafe  may  bcmeafurcd  by 
Cafe  the  2d,  of  Prc^t.  the  7th,  StEl,  the  id.  But 


spherical  Trigonometry.  '^ J> 

But  to^  determine  the  length  by  Calculation 

Produce  the  Side*  CB  and  CA^  to  D 
and  E^  till  CD  and  CE  are  Quadrants^, 
and  join  the  Points  £*and  D  by  the  Arch 
DEy  of  which  the  Point  C  is  the  Pole, 
then  in  the  two  Spherical  Triangles  ECD 
and  AC  By  Right-angled  at  D  and  J?,  and 
having  the  fame  Acute  Angle  C  at  the 
Bafe,  we  have  given  CA^  and  ED  equal 
to  the  Mcafure  of  the  '  Angle  at  C, 
whence  to   find  AB  it  will  be  by  Axiom. 

the  ifi:  r,     ^ti     • 

As  S.  CE=R :  S;  AC :  :  S.  (ED=)<C :  S-  AE.    That  is, 
As  the  Radius r -io.oooooo<y 

To  the  Sine  of  the  Hypothcnufe  ^C=6i-04-5^ -9^9^21641 

So  is  the  Sine  of  the  Angle  at  the  Perpend-  €=61.50  29   9^945  ^9i^ 

Ta the  Sine  of  the. Bafe  AB^  jo'30. jb  — '. '9^74S7T 

« 

Or, 

As  the  Co-fccant  of  the  Hypoth-  AC=Sio^.S'i -"10  0578359' 

To  the  Radius ■ ^  io:oooooo<v 

So  is  the  Sine  of  the  Angle  at  the  Perp*  C=<Jfc.50-i9  —  9  9^5*91^' 

To  the  Sine  of  the  Bafe  ^fi=5o-3o.3.o- -' — 9-^^7^577'' 

Or, 

As  the  Go-fccant  of  the  Angle  atthe  Perp.  C=6i'SO''i9  lo  o547o<?4i 

To  the  Radius : '' lo.ooooooo 

So  is  the  Sine  of  the  Hypothenufe  ^C=<Ji.o4.y<5' $.9^216^1 


*i>«> 


To  the  Sine  of  the  Bafe  .^£=50  3030 ■ P-8874J7^ 

The  firft  Proportion  is  the^fame  with  that  dediiccd  from  thcLortfe 
Napiers  rheorem,  for  becaufe  the  B^kAB  is  the  Middle  Part,  the  Hy- 
aothenufc  aid  Atigle'^the  Perpendicular  are  the  Extrearas  Disjuna^ 
Sid  becaufe  the  Middle  Part  is  fought,  it  will  be  as  dw  Radius;  *-«- 


to  spherical  trigonometry* 

Cafe   5. 

Exarffh  •« .         * 

Given  the  Hypothenofc  and  Angle  at  tbcBafe,  to 'find  the  Per- 
pendicular.   That  is,  <         «.  , 

In  the  Spherical  Triangle  JBC,  Right^ngkd  at  B- 


'  The   Stereografhical  PFOJcftion  of  this 

Cafe  is  the  fame  with  the  2d  Examfte  of 

the  ^dCafcy  and  EC  may  be  meafured  by 

"^  Cafe  the  j/?,  of  Problem  the  7/A,  &ff/o«  the 

id- 


And  to  find  the  length  by  Calculation, 

Produce  AC  and  AB  to  E  and  £>,  till  -rfD 
and  AE  arc  Quadrants,  and  draw  the  Arch 
Z>£,  which  will  be  equal  to  the  Meafure  of 
the  Angle  at  ^. 

Then  in  the  2  Spherical  Triangles  ADE  and 
ABCy  Right-angled  at  -Band  Z),  and  having 
the  fame  Acute  Angle^4  at  the  Bale,  are  givea 
ACy  and  DE  equal  to  the  Meafure  of  the  Angle  at  Ay  whence  to 
find  BC  it  will  be  by  Ax,  the  ifl^ 

As  the  S.  AE^R  :  S.  AC  : :  S-  {DE-y<A :  S.  SC    That  is. 
As  the  Radius*  ■  -■     ■         »— — —  ' — loooooooo 


V    To  the  Sine  of  the  Hypothenufe  ^C=6i  .04.55 
So  is  the  Sine  of  the  Angle  at  the]Ba(e  ^-47.54.20 

To  the  Sine  of  the  Perpcncjicular  bC =^0.10.20 


'P.P42itf4i 

-9.8704278 


'9Si2$piQ 
Or, 


spherical  Trigonometry. 

Or. 

As  the  Secaot  oi  the  Hypoth.  AC= 61.0^.61 — 


100^78359 


To  the  Radius 


10.0000000 

So  is  the  Sine  of  the  Angle  at  the  Bafe  A=:47.5o.2o,  — 98704178 

~  ■  ■ 

To  tlicSinc  of  th'e  Perpendicular  BC=4o.30.2o— -— p.8125919 

Or, 

As  the  Co^fecant  of  the  An^le  at  the  Bafe  A=47.y4.2o  lo.i  295722 


To  the  Radius- 


So  is  the  Sine  of  the  Hy  pothcnufc  AC~6 1  04. 5  6  ■ 
To  the  Sine  of  the  Perpendicular  BC=:4o.3o.2o 


10.0000000 

-9.942 154£ 


-9.8125919 


The  fitft  of  thefe  Proportions  is  according  to  the  Lord  Nafiers 
Tleorem. 

Cafe  6.. 

Given ^ne  Side  and  an  Angle  adjacent^  tofind  the H)^thenuic, 

Or, 
Given  the  Perpendicular  and  the  Angle  at  the  Perpendicular^  to  find 
the  Hypothenufe. 

Example. 
In  the  Spherical  Triangle  ABC,  Right-angled  at  B, 

l%e  Stereographic  Solution. 
I.  Having  drawn  the  Primitive  Circle  j 

f  d  B  h,  the  Diameter  f  B,  and  at  Right-  ^ 

angles  to  it  d  h,  fetoff  the  Chord  o\  BC 
equal  to  40  deg.  30.  min.  20  fee.  from  B 
to  C,  and  draw  the  Diameter  C  g,  and  ^      f  1 
and  at  Right-angles  to  it  e  n. 


2.  Draw  the  Circle  C  A  g -forming  an 
Angle  with  the  Primitive  Circle  in  the 
Point  C,  equal  to  61  deg.  jo  min.  29fcc. 
by  Cafe  the  ji  o^Pfob-  the  9^*,  &ff.  the  2^/.  and  the  thing  is  done  ; 
and  AC  may  be  mcalured  by  Cafe  the  3  J  of  Proh.  the  ^th^  SeSt-  the 
3^.  LU  Loga- 


Si 


Spherical  Tri^ommetry. 

Logarithmically,  pr  by  Calculation. 
Having  produced  the  Sides  AB,  AC  and 
BC,  to  D,  E,  and  F,  till  AD,  AE,  BF, 
areQuadrants,  &c  as  in  the  former  Cittes,  m 
the  twoSpbericalTriangles  G  IE  and  GHF, 
Right-angled  at  H  and  I,  and  having  the 
fame  Acute  Angle  G  at  the  Bafe  common 
to  both ,  we  have  given  GH  equal  to  the 
Complement  of  HI  the  Meafure  of  the  An- 
qle  at  C,  HF  equal  to  CB,  whence  to  find 
IE  equal  to  AC,   it  will  be  by  Ax-  the 

As  S  (GH=)Corap.  of(HI)=<C  :  (S-  GI=;  R  r :  t,(HF=) 

i^tU'^^fii^etukS^^^^^  the  Perp.  C=6., 0.^9.673^6.^ 

To  the  Radius — - — -• 


^ -• —       ■  100000000 

SoisAe  Tan^^nt  of  the  Perpendicular  BC=40-30.2O  -£^5^ 

To  the  tangent  of  the  Hypothenufc  AC  rfi.o+ytf    io.a;77ii4 

Or,         ^ 

As  the  Radius- •-  '        """  

To  the  Secant  of  the  Angle  atthc  Pe^X=<yo.yo.ip  io.j2<Ji|7a 
So  is^tbe  Tangent  of  the  Perpendicular  BC=40.30  io  -5>-93'584« 


10.0000000 


Hypotheoufe 


Or, 


'  Having producedthc  Sides CB^CAandB A« 
(ire,  »s  in  the  ifi  Examfk  q(  Cafe  the  34/,  in 
the  tw  ^  Spherical  Triangles  FDB  and  f  EA 
Right-angled  at  I>and£,  and  having  the  fame 
Acute  Angle  F  at  the  Bafe  common  to  both, 
we  have  givea  F£  equal  to  the  Complement 
of  ED  the  Meafure  of  the  An^  at  C,  BD 
\  equal  to  the  Gomfdement  of  the  Peipeadi-- 

cuiar  BC,  whence  to  find  EA  equal  to  the  Compkment  of^e  Hy- 
pothenufc AC,  it  will  be  by  -rfx,  the  arf* 

As 


spherical  Trigonometry.  8  j 

AiCS.FD=)R:S.(FE=;Comp.CED=)<C: :  t,CDB=)Comp. 
BC  ;  t,(EA.=)Comp.  AC.    That  is, 
As  the  Radius  ' lo.ooooooo 

To  the  Co-fine  of  the  Angle  at  the  Perp.C=:5i.jo.  2j9.<j7j8da8 
So  is  the  Co-tangent  of  the  Perpend.  80=40.30.20 — io.od84i$8 

To  the  Co-tangent  of  the  H7pothenureAC=:<;i04  56  9742178^ 

^      Or, 

According  to  T^apiers  Thf9rem,  becaufe  the  Angle  at  the  Pcrpen- 
dicularC  is  cheMiddle  Part, and  the  Perpendicular  fiCand  the  Hypo- 
tbenufe  AC  Extreams  Adjund^  and  becaufe  the  Hypothenule  is 
required  it  will  be. 

As  the  T.  BC :  R  : :  c  s,<C :  ct,  AC.    That  is,     ^ 
As  the  Tangent  of  the  Perpendicular  80=40.30.10 p.93 1 5842 

To  the  Radius ^~-  '  10.0000000 

So  is  the  Confine  of  the  Angle  at  the  Perpend.C=6 1 .5  o.  ip  9*67  3  85a8 

To  theCo-<€angent  of  the  HypothenufeA  0=51*04.55  9.742278^ 

Cafe  6. 

Example  2* 

Given  the  fiafe  and  the  Angle  at  the  Bafe,  to  find  the  Hypodie- 
Qofe.    That  is. 
In  the  spherical  Triangle  ABC^  Right-angled  at  B. 


S  AB=jo.3o.3o7  _^    .^ 
««B^^«i<A=47.J4^oi  ^-  AC- 


The  Stereographic  Solution. 

1.  Having  drawn  the  Primitive  Circle  f  d  B  hj  the  Diameter  f  B» 
and  at  Right-angles  to  it  d  h,  fet  oflf  $0  deg.  20  min.  30  Tec-  the 
Length  ol  AB  bom  B  to  A>  by  Cafe  the  2^  q(  Pnt.  the  Ctb  SeS. 

« 

Lll  a  »  Thto* 


g^.  spherical  Trigonometry. 


2.  Thro'  the  Point  A  draw  the  Oblique 
Circle  CA  g  forming  an  Angle  with  the 
Right  Circle  f  AB,  equal  to  47  deg.  54 
min.  20  fee.  by  Cafe  the  id  of  Prot^.  the 
^th  Se£i.  the  id-,  and  the  thing  is  done  ; 
dnd  AC  may  be  meafured  by  Cafi  thc^d 
of  Proi.  the  jtA,  Se£i.  the  id. 


But  to  ^^^^<™^"^  ^^^  Length  by  Calculation 

Having  produced,  the  Sides  AB,  AC, 
drc-  as  in  Cafe  the  i/f,  in  the  two.  Sphe- 
rical Triangles  FDB  and  FEC,  Right- 
angled  at  D  and  £,  and  having  the  fame 
Acute  Angle  at  the  Bafe  F  common  ^  to 
both,  are  given  FE  equal  to  the  Comple- 
ment of  ED  Che  Meafurc  of  the  Angle  at 
A,  DB  equal  to  the  Complement  of  the 
Bafe  AB,  whence  to  find  CE*  equal 
to  the  Complement  of  the  Hypoche- 
nufe  AC,  it  will  be  by  Ax.  the  id. 

As S.  (FD^)R  :  S.(FE=)Comp(ED-KA: :  t,CDB=;Comp. 
AB :  t,  CCE=)  Comp.  of  AC-    That  is. 

As  the  Radius  — 


10.0000000 


To  the  Co-fine  of  the  Angle  at  the  Bale  A;=47.'5  4.20  -^-9.82^3045 
So  is  the  Co-tangent  of  the  Bafe  AB^^o.soio         i       9gi597s3 

To  the  Co-tangent  of  the  HypothenufeAC=<Ji.o4.y^  97422804 

Or,       ;" 

Having  produced  the  Sides  CA,  CB, 
(^c.  and  made  the  fame  Preparation  as 
ixk  the  J  ft  Exam  fie  of  Cqfe  the  ^d. 

In  the  two  Spherkal Triangles  GHF 
and  GIE,  Right-angled  at  H  and  I, 
and  having  the  fame  Acute  Angle  G 


spherical  Trigonometry.  8  j 

G  at  the  Bafe  common  to  both,  we  have  given  GH  equal  to  the 
Complement  ot  HI  equal  co  the  Angle  A,  HF  equal  to  AB,  whence 
to  find  IE  equal  to  AC    it  will  be  by  ^x.  the  id. 

As  S.  (OH=)    Comp.  (HI=)  <  A  :  R  : :  t.  (HF=;  AB  :  t, 
(IE=)  AC.    That  is,, 
As  the  Co-fine  ot  the  Angle  at  the  Bafc  A^=47-54»ao  — 9.82^3046 

I   II  I  II     ■      I  -^— ^a^M 

To  the  Radius -~— 10.0000000 

So  is  the  Tangent  of  the  Bafe  AB=5o.3o.30 — ——10.0840242 

■      ■  •■  '  ■ 

To  the  Tangent  of  the  Hypothenufe  AC=di,o4.5tf  10.25771^5 

Or, 

As  the  Radius —  ■ —— 10  0000000 


To  the  Secant  of  theAngle  at  the  Bafe  AB=47.  J4.20  10.1735954 
Soil  the  Tangent  of  the  Bafe  AB=5o.30.3o  ■ '10.084024a 

To  the  Tangent  of  the  Hypothenufe  AC=5i.o4.5d  10.2577195 

^         Or,  ~"" 

According  to  Napiers  Ttheorem,  becaufe  the  A  ngle  at  the  Bafe  A  is 
the  Middle  Part^  and  AB  the  Bafe,  and  AC  the  HypothnufcEz* 
treams  Adjun£t,  and  the  Hypothenufe  required,  it  will  be. 

As  t,  AB :  R  : :  c s,<v  A  :  c  t,  AC.     That  is. 
As  the  Tangent  of  the.  bafe  AB=5o.3a30 -10.0840241 

To  the  Radius*  *      ■  ■     '         — 10.000 

So  is  die  Co-fine  of  the  Angle  at  the  Bafe  A-47.54.20 — 9.82<5} 


^ 


To  the  Co-tangent  of  the  Hypoth-  AC=5i.o4.55 — p.74»28o4 


ymmmmm 


Cafe  7. 

one  Side  andl^n  Angle  adjacent  to  find  the  other  oppofite 
Angle, 

Or, 

Given  the  Perpendicular  and  the  Angltf  atthe  PeipendicuUc,  to 
find  the  An^e  at  the  Bafe. 

Example 


u 


spherical  Trigonometry, 


ExampU. 
In  the  Spherical  Triangle  ABC^  Righ^angled  at  S, 


The  S^reograPhical  Projeftiqo  of 
this  Cafe  is  the  lame  with  the  i/l  Ex- 
ample of  the  6th  Cafe,  and  the  Angle 
^at  A,  may  be  nieafured  bv  Caje  the 
id  o(Pr0i*  the  lotb  SeSi*  tne  2d. 


Logarithmically^  or  by  Calculamn. 

Having  produced  the  Sides^JS^^C^fC^&c. 
and  made  the  fame  Preparation  as  in  the  3^ 
I  Cafe,  in  the  two  Spherical  Triangles  CIH  and 
C£Fj  Right-angled  at  £  and  /,  and  having 
the  fame  Acute  Angle  C  at  the  Bafe  com- 
mon to  both,  we  have  given  CF  equal  to 
the  Complement  of  BCy  HI  equal  to  the 
Meafure  of  the  Angle  at  C,  whence  to  find 
FE  equal  to  the  Complement  of  ED  the 
Meafure  of  the  Angle  at  A^  it  will  be  by 
Ax.  the  ijl. 

As  S.  (CH=)K  :S.  (CJP=(Comp.)«C : :  S.(IO=)<Ci  S.  (F£=) 
Comp. (£D=)<-^.    That  is. 
As  the  Radius -■     '  — ■  — — —  xo 


>W>Pi««P 


>9.88  loops 


To  the  Confine  of  the  Perp.  BC=:4o.3o.io 
So  is  the  Sine  of  the  Angle  at  the  Perpend.  =tf  1.50.29  — p.945  ap3tf 

Ta  die  CoHSne  of  the  Ao^  at  tiic BafcJtsiii 7>y4.2o  p.8atf  303 1 

II      i_iii 

Or, 


spherical  Tri^onomttj, 

Or, 

As  the  Secant  of  die  Petpeadicular  £C=4o«3o>«0' 


87 

xo.ii8ppo5 


^ 


To  the  Radius 


■*r*w 


10. 


So  is  the  Sine  of  the  Angle  at  the  Pcrpaid.C=^6i^$o.29  9*9452936 
To  the  Co-fine  of  the  An^e  at  the  Bafe  ^=47.54.20  9.826303  x 

Or, 

As  the  Co-fecant  of  the  Angle  at  the  Pcrp.  C=£6i.40'29  10.0547064 


^M«« 


To  the  Radius* 


So  is  theG>-nne  of  the  Perp*  £€=40.30.20' 


lO.OOOOCOO 

-9.8810095 


To  the  G>-fine  of  the  Angle  at  the  Bafe  ^==47*54.20  9*826303  x 

Cafe  7. 

Examfle  2. 

Given  the  Bafe  and  the  Angle  at  the  JSafe,  to  find  the  Angle  at 
Ac  Perpendicular.    That  is. 
In  dK  %>herical  Triangle  ABC^  Right-angled  at  i?« 

1^5  =  50.20.30  J        ^^ 
ate  &^^\^a^^t:^^,^o\  «*!•  «^- 


The  Sure&mfhicd  Projedion  of  this 
Crfe  is  the  bme  wich  the  2d  Example 
of  the  6tb  Cafij  and  the  Angle  at  C 
may  be  meafnied  by  Cafe  the  2d  of 
tf^.  tbe  loth  Set?,  the  %d. 


id(!l<c- 


88  Spherical  Trlgommetfy^ 

LogarithmkaUyy  or  by  Cakulamn. 

Having  ptoduced  the  Sides  C5,  CA^ 
8cc.  and  made  the  fame  Preparation  as 
in  Cafe  the  3^,  in  the  two  Spherical 
Triangles  AHJ  and  AFE  Right-angled 
at  /  and  £,  and  having  the  fame  A- 
cute  Angle  at  the  Safe  A  common  to 
both,  are  civeff  AF  equal  to  the  Com- 
plement otABy  HI  equal  to  the  Angle 
at  A^  whence  to  find  F£  equal  to  the 
Complement  of  ED  the  Meafare  of  the  Angle  at  C,  it  will  be  by 

'^\t(s!AH=)R :  SXAF^)Comp.AB  :  :  S-  (HI^)<A  :  S(FE=) 

Comp.  (ED— )<,C.    That  is. 

As  the  Radius ' 10.0000000 

To  the  Co-fine  of  the  Bafe  JB=S<^-30io 9.8034338 

So  is  the  Sine  of  the  Angle  at  the  Bafe  ^=47. $4.20  — :S>.8704278 

To  the  Co-fine  of  theAngle  at  thcTerp.  C=di. 50.29  9.67^8616 

Or, 

As  the  Secant  of  the  Barc-45=jo.3o.30 —    ■ ...        .1  10.196^60% 

■■I        ..— ^— —— ^ 

To  the  Radius "- ■     ^  '  —  •—  lo-ooooooo 

So  is  Jche  Sine  of  the  Angle  at  the  Bafe  ^=47.54.20 p  8704278 

.  ■  «  _ 

To  the  Co-fine  of  the  Angle  at  the  Perp,  C=6v$o.26  9.6y^26i6 

•  Or,  "^^ 

As  the  Co-f  ecant  of  the  Angle  at  the  Bafe -4=47.5420  10.12^5722 

T<)thc-Radius—— = • '"—10.0000000 

So  is  the  Co-line  of  the  Bafe  AB=$o  30.30 •—  p.80343  3  8 

To  the  Co-fine  of  the  Angle  at  the  Bafe  €==61-^0.29  9.67^9616 


CsJk 


Sfherieai  Trigpndtnttry, 

Cafe  8. 


Sp 


Girctt  ooeSide  txti  th  Am^  adjacent  to  find  dM  ot^r  obpofitt 
Side.  "^ 

Or, 
Given  the  PenpeooJculaK  and  the  Angle  at  the  Perpeadicular,  t* 
find  tbc  Safe. 

ExamfU 

Ja  the  Sphencai  Triaagie  ABC,  Rigbt-aagfed  at  B, 


«-<^^  {^c=VT.%}.'-^- ^- 


This  Cife  is  0>nftraded  tike  cbc  ifi 
Example  o£  the  6tk  Cafe^  and  the  Bale 
AB  may  be  meaiared  by  the  2d  Cafi  of 
Proikmtiicjti,  Se^onthf  %d. 


Ha?in^  produced  the  Sides  JB^  AC,  8cc. 
MS  in  Ca/e  the  ^d,  produce  the  Sides  f  H 
and  Hr  of  the  Triangle  FHG,  to  iS:  and  £» 
fill  FK  and  fL  aic  Quadrants,  apd  joyti  the 
Pomts  L  and  i?,by  tbeArcb  of  aGreat  Cicelr,' 
then  in  the  two  Spherical  Triangles  FHG 
and  FKL^  Right-angled  at  P  and  Ry  and 
having  the  fame  Acute  AflKgle  at  the  Bale  F 
common  to  both,  are  given  FH  equal  to 
the  Complement  of  IV,  equal  to  CB ;  GH 
equal  to  the  Comnlement  of  A/»  equal  to 

the  Angle  at  C»  whence  to  find  iJt  equal  to  die  Angle  at  F,  eqiuU 
to  DB  equal  to  the  Complement  of  AB,  it  will  be  by  Ax.  the  id. 

^i^H^-?^^  ^^  'A '-'  ki^^''^  ^^°"P'  Cff/^KC :  r,  (UcL 
<F=JBD=:)  Comp. -rfA    That  is, 

.   Mmm  Xg 


oo  Spherical  Tripnometry. 

As  the  Sine  of  the  Perpendicular  C5=4o.jo.ao 


.p.8iajf937 


To  the  Radius 


la 


•'•i«i*T«:»i» 


Sq  is  the  Co-tang,  of  £he<atthe  Perpend. C=:tfi.5p.«p  p.aaSjdjjj 
To  the  Co-ufigent  ojF  the  Bafc  ^5=50.30.30  — 


•9.4159755 


Or, 


Having  produced  the  Sides  CB,.  CA; 
to  D  and  £,  till  CD  and  C£  are.  Qua- 
drants, and  joyned  the  Points  £.and 
D  by  the  Arch  EDy  in  the  two  Sphe- 
rical Triangles  ^£C,  EZ>C,  Right- 
angled  at  -B  and  D,  and  having  the  lame 
Acute  Angle  at  C  common  to  both,  are 
given  BC  and  £D  equal  to  the  \iea- 
fare  of  the  Angle  at  Cy  whence  to  find' 
AB,  it  will  be  by  >^x.  the  id.  . 

As  (S.  CD=)/l :  S.  CB  : :  t,  (ED=)  <C :  *,  AB.     That  is. 
As  the  Radius. : ' ■ lo.oooopoo 

To  the  Siae  of  the  Perpendicular  50=40.30.20 9.8125937 

Soisthc  Tangent  of  the  Angkat  the  Pcrp.  C.=f6u^o.29  10.1714307 

To  the  Tangent  of  the  Bafe  ^S^jo-jo^o' 

"According  tb^Ni^iert  ^Afowwr  bcfaufe  BC  is  the  Middle  Part 
and  a  Sbc;  aftd  theJ\.nglcC  and  ^fl'the  Bafe  Extreams  Adjunft,  and 
.  coit<eqUently  Tangents,  it  <rd\\  bcy 

A  s  c  t,<C  :R:'  S,  BC :  ti^B-    That  is, 
As*hc  Co-tafig.  of  *e  Angle  at  the  ?etp.e=6i.^o.i9  97^95(f9i 


10.0840244 


I*       m< 


To  the  Radius 


i^«* 


So  is  the  Sine  of  the  Perpendicular  BC=4o.3o.2o 
To  the  Tangc.«  of  the.Bafcvi^5^'30'3<>-— 


lOOOOOOOO 

-S>-8ia55>37 


i«^ 


xo.o84o;&44 


Cafe 


Sfhtrical  Trigpnmttry. 

Cafe  8. 

Example  2- 


9» 


the  Bafc  and  the  Angle  at  the  Bafe,  to  find  the  Perpendi- 
cular.   That  is,'  .  .  - 
In  die  Spherical  Triaflgle  jiBC^  Right-angled  at  B- 


This  Caff  is  Conllruacd  like  the  2d 
Example  ot  the  6th  Cafcy  and  £C  may 
be  mcafurcd  by  Cafe  the  jy?,  of  Prot  the 
J  thy  SeHim  the  2  ^« 


Logarhbmfcalfyi  or  by  Calculation. 

Produce^  the  Sides  jiB  and  ACy  to 
17  and  E,  till  ^D  and  AE  ate  Qua- 
drants>.  and Joyn  the  Points  D  and  £ 
by  the  AtcWDE,  then  in  the  two  Sphe- 
rical Triangles  ^jBC  and  :/fD£,  Right-.  . 
aogkd  at  3  and  D^  and  havings  the 
fame  Acute  Angle  at  A  common  to 
both»  are  given,  AB  and  DE,  equal 
to  the  Angle  at  A,  whence  to  find  J3C, 
ic  will  be  By  Ax.  the  id. 

As  (S-  ^Z3=?)/l :S.AB:^.t,  (DE^)  <A  :  t,  BC.    Thatis; 
As  the  Radius  ■ '  ■ 


To  the  Sine  of  the  Bafe  ^5=^0.30.30- 


1 0.0000000 


'9.88745«» 


So  is  the  Tangent'Oftho.  Angle  at  tbafiafe  ^4754.20  10.0441 26$ 


To  the^Tangent  of 5hc Perpendicular  5C3=4p.30,ao~9.p3 1 5 847 

M  mm  2- 


1^  Sphtrkd  Tti^pfiometrjf^ 

Or, 

Hdvfa^  ploduced  tlic  Sides  Cfi,  CA^ 
Zee.  2s  in  Ci^e  the  ^4y  produce  the  Sicks 
FG  aadFJr,  to  L  znaK,  and  joyatbe 
Points  l^  Ky  by  At  Arch  Li?,  then  in 
tlie  two  SiAeriGd  Triangks  FUG  and 
.Fif,  Right-ftngled  at  ^ffand  £»  andha^ 
ving  the  I^M  Acute  Att^e  ac  P  comaion, 
are  given  /iFequal  to  the  Complement  of 
PA^xpaA  to  AB,  Cif  equal  to  the  Com- 
|>lemeift  of  HI  equal  to  the  Angle  m  ^,  whence  to  find  KL^  equitf 
to  the  Angle  F,  equal  to  BD^  the  Complement  of  CiSj  it  will  be 
by  Ax.  the  %i. 

As  S.  (F/f=Comp.F^=)^fi:  (S.FX=)A  ;  :t,C£?fl=)Comp-CHr 
=)<:i<:t,(^£=<^F^fiZ>=:X^omp.  iJC.    That  is, 
As  the  Sine  of  die  Bafe  AB^^^.%Xi.^o  —  ^^8745^^ 


To  die  Radius  — — «— — ~—    '  lo. 


•.•i%  •.*.*.' 


$0  Is  the  Co-cat^,  of  the  An|^a  ac  the  Bafe  if  247.54.00  9«p5  5873  5 

To  tfaeJCo-tangeat  of  the  Perpend  fiC=4ejo3o*--*iOJ0684i5S 

Or, 
Afcording  to  Naphrs  Rule,  bqcaiife  AB  isThc  Middle  Par^  aiiA 

die  Angle  ^  and  Perpendicular  JK:  Eiptvems  AdjunA,  ic  mhlbt^ 

As  the  Co-taogeat  of  ilie  Angle  at  tlie  Bafe.11^47. 54.S0  9^  5S73  ; 


To  the  Ktditis^ 
So  is  the  Sine  of  the  Bafe  ABs£y>^^  j» 


y 


To  the  Taageac  tff iJie  Peqkiodicuktf  AC:;?40u3Ouao  jo.93 15^47 

Cafe  9. 

<3mB  obe  Sidennd  aa  Aiig!ei»ppofitt|  tofind  the  Side  adjaccRt. 

Or, 
Oiy^n  die  Angle  at  die  Ba&  and  the  PMpendicniar,  »  find  the  Bafe. 


Sfhmcd  Tr'^gottommy.  ^j: 

in  t]ie  Sfbnical  TtuD^e  MC,  R^tit-angled  at  M, 

u  Haying  drawn  the  Primitive  Cirde 
f4BA,  the  Diftinetcrf  £,  and  at  Right- 
angles  to  it  4h,  fet  off  the  Ckord  c( 
BCj^  dcg.  20  tniih  10 fee  from  B  toC^ 
and  draw  the  Diameter  C^,  and  at  R^« 
angles  to  ittf«. 

1.  About  the  Point  J  as  a  Pdc;  de- 
fcribe  a  Saudi  Gitde  as  Pf ,  eqml  to 
ibe  ka^  A^  rqml  to  47  deg.  );4  min* 
20  recu>y  C0f€  the  li  K^Probkm  the  4iiik,  SiSfiii  the  %d.)  where  diis 
antcrfeAs  the  Great  Circle  ^«  as  in  P  and  fy  it  will  ^ive  the  Poles 
of  the  Ctfdes  CAg^  Cag,-  to  be  drawn,  about  which  if  the  Cii^ 
cksC^2  ^°^  ^^i  ^  dn^y  (by  Cij/i  the  ^6iPrAkm  the  14/,  6f 
&^.  die  2i.)  die  thing  is  done. 

ITiis  Ciii'e  is  doubtfiri,  as  appears  from  thcCo»^Sf«i,  for  the  PJiral- 
W  F^  cuts  the  Great  Circle  en  in  the  Points  P,  and^,  the  Poles 
of  the  Qrcles  CAg^  and  C  aj^  whence  k  is  manifeft » that  in  each  of 
the  Triandes  C:6^3  OS  4,  the  5ide  J}Cis  common  to  bodi,  and  the 
Angle  A  m  the  Triande  SAC  is  equal  to  the  Angleia  in  the  little 
Triang^  BmC,  andcooleqaently^Bthe  Bafe  of  the  Triangle  4iBC,  is 
the  Supplement  of  AS  the  Bafe  of  the  Trian^  ABCy  (for  the 
Triangles  FaG  and  CAS  are  equal)  »  find  which  by  Calculation, 

Produce  the  Sides  AS,  and  AC^  to  D  and 
E,  tin  ylX>  and  AE  are  Quadrants^  and 
<{raw  the  Arch  DE^  then  in  the  two  Triangles 
ADE  and  ASC^  Right-angled  at  B  and  A 
&c.  are  given  £C,  amtDE,  the  Meafufe  ot 
tkAi^at4»whmce  co^find^iifiitwiU.be, 

If 


^4  Spherical  Trigm^mitrf.  .     - 

As  t,('DE=)<A  :  t,  BC :  c  rs.  DA=)  R :  S.  AB-    That  is. 
As  the  Tangcntof  the  Angle  at  the  Bafc  A-i=47.54.ao     10.0441 2^5 

r  "Ml  ■    ■ 

To  the  Tangcntof  the  Perpendicular  80=40.30*10    9^3 15842 
So  is  the  Radius  *■       ■     ■  ' io.< 


•9.8874J77 


To  the  Sine  of  the  Safe  AB= 50.3  0.30  ■  ■ 

jj —        '■      ' 

Whofe  Supplement  .1 29.  ap.jo,  is  equal  to  the  Bafc  AB. 

Or, 
Having  produced  the  Sides  CB,  CA, 
and  BA,  &c.  as  in  the   id  Example  of 
the  ithCafe^in  the  two  Spherical  Tri- 
angles LKF  and  GHF,  Right-angled  at 
K  and  rf,  &c  are  given  KL  equal  to  the 
Angle  F,  equal  to  BD  the  Complement 
of  CB,  GH  equal  to  the  Complement  of 
HI,   the   Mcafure  of  the  Angle  at  A, 
whence  to  find  HF,  equal  to  the  Comple- 
ment of  FA,  equal  to  AB,  it  will  be  by  -rfx.^the  id. 
As  t,  rLK=  <J=^hti^)  Comp.  CB  :  t,  (GH=)  Comp.  (HI)  = 
<.A : :  (S.  KF=)  R  :.S.  (HF=Comp.  FA=)  AB. .  That  is. 
As  the  Co-tangent  of  the  Perpend.  BC=40.3o.2o  —7-10.0584158 

To  the  Tangent  of  the  Angle  at  the  BafrA=47.54ao  p- J5f87*35 
So  is  the  Radius  — ■  '  ■    ■    .         10.0000000 


•9-8874577 


To  the  Sine  of  the  Bafe  AB= 5030.30 

Or, 

According  to  Napier s  T%eorenty  becaufeABis  the  Middle  Part 
and  required,  and  the  Angle  at  A  and  BC  are  Extreams  Adjunft  it 
will  be,                  R  :  c  r,  <A  : :  t,  BC  :  S.  AB-    That  is. 
As  the  Radius ■   ■■. -— — 10.0000000 

%■■■■  II  fcWI  I  I, 

"    To  the  Co-tang,  of  the  Angle  at  the  Bafe  A=:47.54.ao  p.9558735 
iSo  is' the  Tangent  of  the  Perpendicular  BC=46.3  0.20— 9.^31)84^ 


To  the  Sine  of  the  Bafc  AB=5o. 50-30 


■v*»* 


p.8874577 


Cafe 


.J 


BC. 


Spherical  TrigMometty*  p^ 

Cafe  p. 

Example  a. 

Given  the  Bafe  and.  the  Angle  at  the  Perpendicular,  to  find  .the 
Perpendicalar.    That  is. 
In  the  Spherical  Triangle  ABC,  Right-angled  at  B* 

^^^:„ ^^5'AB=5<>.30'30?     ^ 
a»given^^C=di.50'2pf^^^- 

l%e  Stenographic  Solution, 

1.  Having  drawn  the  Primitive  Circlc- 
FDBH,  the  Diameter  FB,  and  at  Rights 
angles  to  it  DH,  Set  oflTAB  5odeg.  30 
min.  30  fee.  from  B  to  A  (by  Caje  the  2^, 
of  Proikm  the  6$6^  SeSl,  the  idJ) 

2.  About  the  Point  A  as  a  Pole,  draw 
the  Great  Circle  d  P  ph  (by  Cafe  the  3^,, 
of  Pro*i>w  the  idy  Sek-  the  2d. 

3.  Aboat  the  Center  of  the  Primitive  Circle  draw  a  Parallel  of 
&i  dcg.  50  min,  2p  kc.  equal  to  the  Angle  C,  (by  Oafe  the  ifi  of 
PriMem  the  4</r,  SeEl.  the  li.)  where  this  intcrfe^s  the  Great  Circle 
d  P  p  h,  in  the  Points  P  and  p,  it  gives  the  Poles  of  the  Circles  CA  g 
aftdcAg,  to  be  drawn.  . 

inasHafe  is  likewife  Ambiguous,  as  appears  from  the  Conftrufti- 
on  it  felf,  and  B  c  is  the  Supplement  of  BC,  for  the  Triangles  CB  A 
and  c  6  A  are  equal,  and  to  find  it  by  Calculation, 

Having'produced  the  Sides  AB,  AC,  ifcr  ^. 

as  in  the  ^d^Exatf^le,  of  the  Sth  Cafe.  ^^     ^ 

lA  the  two  Spherical  Triangles  LKF  and 
GHF,  Right-angled  at  R  and  H,' (jTc.  arc 
given  LK  ecjual  to  the  Angle  at  F,  equal  to 
ED^  equal  to  the  Complement  of  AB,  GH 
equal  to  the  Complement  of  HI,  equal  to  the 
Aftgle  C,  wliencd  to  find  HF  equal  to  the 

Complex  • 


p6  Spherical  Trigimometry. 

Cdmpleinent  of  FC,  equal  to  CB ;  it  will  be»  by  jix  the  2d. 
As  (^LK=<^F=BD=)  Comp-  AB :  t,  (GH=)  Comp.^HI=) 
<S: : :  (S.  KP=)R :  S(  HF=<^im).  FC=)  CB.    That  is. 
As  the  Co-tangent  of  the  fiafe  AB=y  0^30,30  9-9 1 5975  8 

To  the  Co-tang,  of  the  Angle  at  the  Pcrp.C=<f>i*jo.25^  9-7i855pj 
So  is  the  Radius  "■        ■       »  '     .    '     -        —10*0000000 


To  the  Sine  of  the  Perpendkidar  B&=4o  jo,2o  —.1-^.8125955 

Wbofe  Supplement  139.a9.40  is  the  Length  of  C& 

Or, 

e  Produce  the  Sides  CA»  CB,  &C'  as  in  €4^ 

yK  t^  ^^  ^^  <ti  the  two  Spiurtical  Trian^es 

/   b        ACB  and  £CD>  Right-angled  at  3>  and  B, 

A/  i^B     &c.  are  given  AB  and  El>,  equal  to  the  An- 

^^X^  ^      gl^at  C,  whence  to  find  BC  it  will  be  Iw  Ax. 

»<^^^^^^^      thczd. 

Ast,(ED=)<C:R::t,  AB:S.  BC    Thatis, 
As  the  Tangent  of  the  <I  at  the  Perp-  C=5f  .50.29  — •io*27i4307 


To  the  Radius ■-■^--^         ■  ■  lox 

$0  is  the  Tangent  of  the  BafeAB=5o.to-jo—— 100840142 


m^^* 


To  the  Sine  of  the  Perpendicular  BC=40-30.«)<-— ^81*5915 

Or,  . 

Accoi?ding  t6  NHfiers  TlUrtm,  becault  BC  is  the  MidtUc  F^ 
and  rtqnired,  and  AB  and  <.C  Eitreains  Adjuo^  it  wiU  be, 

A$R:t.AB:JCt,<.C:t,BC.    That  is. 
As  the  Radios'  '  >    '       ■  ■  ■  ■■   ■         ■   10^ 


'•*i 


To  the  Tangent  of  the  Bale  AB=  50.30*50  ■10.084024a 

iSo  is  the  Co-tang,  of  the  Angle  at  the  Perp..C=<(i.5o.29  9.7^85^9) 

To  the  Sine  of  the  Perpendicular  BC^40')a2o  >■■■>,    9.8125935 

Cafe 


Sfhrical  Trigonometry 


w  ■ 

9r 


Cafe 


lO. 


Given  one  Side'  or  Leg,  and  an  Angle  oppoiite,  to  find  the  Hy^ 
pothenufe. 
^  Or, 

Given  the  Perpendicular  and  the  Angle  at  the  £afe,  to  find  the 
HypocheauTe. 

Eieatt^le. 

« 

In  the  Spherical  Triangle  ABC,  Right-angled  at  B, 


««P^«"»  150=40.30  JO  i«^-  ^C- 


This  CVe  Is  doubtfiily  arid  is  ptc^eded 
like  the  ift  Eteamfle  of  the  ftb  C^fe,  and 
^C  or  its  Sapplement  aC  may  be  mca-. 
fund  by  the  ^d <:(ffe  olxbs.jtb  Proilmt 


9  « 


Ltgariihmkaity,  oc  by  Caleutathh' 
Produce  the  Sides  AM  apd  AC  to  D  and 
£,  till  AD  and  ^£  are  Quadrants,  &c. 
then  in  the  two  Spherical  Triangle*  ^££ 
•and  ABCt  Rigbt-aaglled  at  B  and.  P,  &c. 
It 


As  S.  (D£=)  <;^ :  S.  £C  : :  (S.  E^, 
/l:S.ilC.    That  IS, 

As  the  Sineofthe  Apgle  at  the  Bafe  w<=47.54-*o 

To  tfaeSinqqetfac  Perpend.  5C=:40.gp.ao 
SoisthelUdi^s 


;*  ' 


•98704478 


-*r 


ViAmm^mwmvi 


•  •      •  •       .  .  I 

'Foihe  !§joc  of  the  Hypotheftufe  AC:^=^io^i^ 

Kon 


-9.8115937 

.»->(0.0000000 

•9.942 1  <^5  9 


.J 


^t  '       spherical  Tri^ommrtry.- 

Whole  Supplement  1 1 8.5  5.04  is  tlie  Length  of  a  C. 

Or, 

As  the  Radius —       "  i  o  .0000000 


To  the  Co-fee.  of  the  Angle  at  the  Biafe ^=47.54.10  10.1295^721 
So  is'the  Sine  of  the  Perpendicular  £C=4o.30.20— - — P-8ii5937 


To  the  Sine  of  the Hy pothenufe  AC=6i.o^.s6 

Or, 
As  the  Secant  of  the  Perpendicnlar  5C= 40- 30.20 


9P4ti4Sj9 


io-|874oi;j 


To  the  Radius  - 


«  ■       mm  ^i>M 


J0.< 


So  is  theCo-fecant  of  theAngle  at  the  Bafe  A^^j-  54.20  xo  x  295 7^3 
To  the  Sine  of  the  HTpothemife  AC^6t.Oj^.$6  — —  9^9^216^9 

Cafe  IP. 

Given  the  Bafe  and  the  Angle  at  the  Perpendiad|f|  t^fioi"  die 
Hypothenufe.    That  is, 

lathe  Spherical  Triangle  ABC^  Right-angled  at  S. 

1 


Thif ,  C^  h  doubrfcif,  and  is  Onb* 
ftniftcd  like  the  2d  Examfk  of  the  ynit 
Cafcy  and  ^C  or  its  Soppkinenf  Acmzf 
be  meafured  by  Cafe  the  3d  of  PrUIem 
the  7/ift^  iS^^'Mi  die  adL 


Logaritbmhalty^  ot  by 

Produce  the  Sides  C^.  m,  &c  as  iaC^i^ 

the  2d,  tTieti  ih  t3«  two  Sp^kat  Jtim^e% 
CDE  and  CBA,8u:  arc  given^  ^B  and  DJS  the 
Mealiire  of  che  Angfeat  (^,  whtntirtoffld^C 
St  will  be  by:  ^<  the  2d.  As 


.  Sphtricitt  Tr/fwiwffefiy.  .  f^ 

S.  (D£=:)  <C  '.R::S.B^'.S.  AC,    Thatis, 
As  the  Sine  of  the  An^e  at  the  Perp^d.  C'=6i4i^^6 — 9-^45  x9i6 

To  the  Radius     — ^-.  lo^ooooooo 

So  is  the  Sine  of  the  Bale  i/lB=5o.3o.30  «     ■         ■     ■  98874582 


-•-•^ 


To  the  Sine  of  the  Hypothcnufc  AC=^6uo^.^6 99^216^6 

^  '*'"■ 
WboTe  Supplement  1 18$  5*04,  is  theMeafurc  of  the  Hypthenufe  A  c. 

Which  '\%  the  £une  Proportion  with  that  deduced  from  Nafiits 
As  Ac  Rajdius  ■■  loooooooo 


m  w  I 


To  the  Co-{tt.  of  tbcAngle  at  the  Perp.C^tf  1-04,5^  10.0547054 
So  isthcSme  of  the  Bafc  ^£^56.30.30      ■  ■.     ■      *^   9^8874582 

To  the  Sine  of  the  Hypothcnufc  -rfC=tfi.04'55-— 9.9421645 
As  the  Co^eont  ofwe  Bafe  AB^^O'jo  30— '—^10.1125418 


ftp 


To  the  Radios  ■»  ■  ■'■■■  ^  ■■  ■  ■  .^■■••■■■■i   ■     ■■  «»•<»«» .«m.^o<iooooo^ 
Seis  theCo-fec.  of  thcAngle  at  the  Perp.  €=51.04.55    10  0547054 


i**-*" 


To  die  Sine  of  the  Hypothcnufc  -^=51.04.55— —9942154* 

t  ^  .  .  ,  - 

.  Cafe   11. 

.'        '  *  -  ■ 

Given  one  Side  aad  9ti  Angle  oppofit^  to  find  the  other  Angle. 

.Or, 
GiTcn  the  Pcipqid.tcaI.«.aP.4ih(fAagtel«  the  Bafc  tp  find  the 

Aog^e  at  jdbe.Perpendiailan 

*  •  — 

In  the  Spherkal  Txlati^ABCt  BJghc^apgM  it  B. 


Naa  % 


T\C\t 


»  m 


€dD 


S^erkal  Trigonometry. 


\  ■ 


This  Cafe  is  doubtful,  and  isprojec-» 
ted  like  the  pf  A  Cafe^  and  the  Angle  ACS 
theSunplementof  tf  CB  may  be  meafurcd 
(by  Cafe  the  id  of  ProirUm  the  lor*, 

&ff.  the  2^, 


Logariibmicallyy  or  by  Calculatim. 

Having  produced  the  Sides  ABy  ACy  &c.  as,  in 
Cafe  the  3^;  in  the  two  Spherical  Triangles  CiSP 
and  CIH^  Right-angled  at  E  and  Fy  and  having 
the  Angle  at  C  common  to  both,  are  given  CF 
equal  to  the  Complement  of  CB^  FE  equal  to  the 
Complement  ofJED,  the  Meafure  of  the  Angle  at 
Ay  whence  to  find  HI  the  Meafure  of  the  Angle 
at  C,  it  will  be  by  Ax.  the  ifi. 
As  S-  (CF=  Comp.)  CB.Rii  S.  (/^£=:.)  Comp.  (ED;^)  <  wrf : 

S.r/i/=)<C.    That  is. 

As  the  Co-fine  of  the  Pefpeodicularj8C=4o.3o.2o-——^p.88 100^5 


To  the  Radius 


10*0000000 

So  is  the  Co-fine  of  the  Angle  at  the  Baie  ^=47. $4.20  9.^161 0^6 


mm* 


To  the  Sine  ofthe  Angle  at  the  Perp.  C=:tfi.yo.2p — 9-9^529^  t 

Whofe  Supplement  i  iS.o^.j  i,  is  equal  to  the  Angle  C  of  the  Tri- 
angle a  CBy  and  is  the  fame  Proportion  with  that  deduce^  from 
Natters  Jheonm. 

Or, 

As  the  Radius  \  r.  ■■       t^io«6oooooo 

To  the  Secant  of  the  Perpendicular  SC=4o.30-2o  — lo.i  iSppof 
So  is  the  Co-fine  of  the  Angle  atthe  Bafew<=47.54,ao--j>.826304tf 


To  the  Sine  of  the  Angle  atthcPcip;  C^c^f  .jo.ajp 


n 


Sfherical  Trigcmmtry, 

Or, 

As  the  Secant  of  the  Angle  ac  the  Bafd  w4-47.$4.46 

TotfacRadiw  -   ■       ^ «■■    ^  ■ 


101 


io.i73(J^54 

I   1  ■ 


10.0000006 

io.ii8ppo5 


So  is  the  Secant  of  the  Perpendicular  i?C=4o.3o.2o— 
To  the  Sine  of  the  Angle  ac  the  Perp.  C=!zd^^^^o*^9  — -  9.945  ^9$  < 


Cafe 


«  I 


1 1: 


Examfle  3. 

V 

Given  the  fiafe  and  the  Angle  at  the  Perpendicular,  to  find  tlie 
Angle  at  the  Bafe.    That  is. 
In  the  Spherical  Triangle  ABC,  Right-angled  at  B, 


arc  civcnf  ^^~^®^^-^^^  reo 
arc  given ^^^_^^^^^^^  rcq. 


<A^ 


This  Caft  is  doubtftd,  and  is  G)n- 
ftmded  like  the  td  Example  of  the  9th 
Cafe,  and  the  Angle  CAB  the  Supple- 
ment of  c  AB  may  be  meafured  (by  the 
id  Cife  of  the  lofh  Problem^  Seffion 
the  2d.) 


JjogarithmicaUj^  or  by  Calculation. 

Having  produced  the  Sides  CB,  CA,  drr. 
as  in  Cafe  die  31/,  in  the  two  Spherical  Tri- 
at^lesAifl  and;  AEF,  Right-angled  at  £ 
and  I,  and  having  the  Acute  Angle  at  A 
common^  are  given  AF  equal.! o  the  Com- 
pieoient  of  A^«FE  equal  to  fhe  CoiQpSie^ 
mcnt  of  £i>,  cq  ual  to  the  Angle  at  C,  whence 
to  find  HI  equal  to  the  Angle  at  A^  it  will  be  by  Ax  the  ift* 

'.  >  As 


•■*\, 


■;*.* 


■  • 

As  S.  CAF=)  Ownp.  AB ;  (S.  AH=)  R :  t  S.  (FE=}  Compr 
<ED^)<C:S.(HI=)<A.    That  Is, 

A«  the  Co-fine  of  tfacBatfe  AB=yo.jo.3o— ^— «— J.80J4338 


mmm-^'mt  »       ■     i 


To  the  Radius     -  10.0000000 

5d  is  die  Co-fine  of  the;AngIeat  die  Perp-  C=<Ji.yo.a^  ^.67^962^ 


m  m      \ 


m 

To  the  Sine  of  the  Angle  at  theBafe  A=47.y  4.20— 9.8704190 

Whofc  Supplemcnc  1 3 1.05.40^4$  the  Meafure  of  the  Aog^  c  AB^ 
the  fame  as  is  deduced  nrom  Nafiers  Theorem. 

Or, 

As  the  Radius  ■■■  ■"         .■■"  ^■"  ■'  ■"■"■■■■  io.dooootM 


To  the  Secant  of  the  Bafe  AB=5o.3o.^o — — 10^196^66% 

So  is  the  Co-fine  of  the  Angle  at  the  Peep.  C^tf  1*50.29—9.5738528 

*  ♦ 

To  the  Sine  of  the  Angle  at  the  Bafe  K^^'j^^^^io  "—9X70^x90 

Or, 

As  the  Secant  of  the  Angleac  theP<xp.C=^4!(.ja.a^^io.32tft37a 


mt^m^m^mm 


To  the  Radius  -  ■■        »■■»■■     -- I04)ooooo# 

So  is  the  Secant  of  the  Bafe  AB^5o.3o.3Q»  ■ ^*  ■  io>ip55g52 


To  the  Sinei^f  the  Angle  at  the  Bafe  A=47.y4.ao  ~  p.8704290 


♦• 


Cafe  i». 


Giren  the  HypothenqfewdoM  of  die  Sida  or  Ijtg^i  to  iui  dis 

eootaided  Angle. 

Or, 

Given  the  Hypotbennfie  mi  the  FcfpeadieahHr,  to  &d  the  Ab^ 
at  the  Perpendicular. 


spherical  Trigonometry, 


tdf 


la  tbe  Sphak4l  TnaBglc  w^i^C.  R«lit^gled  at  it. 
aregtvco  4p£r*i 

^         C  BL— 40   30  20 

S$iripgrafhkallj* 

1 .  Having  drawo  the  Primitive  G'rdc 
fiMb,^  the  Diameter /£^  and  at 
Right*angles  to  it  d  b,  ki  off  che  Chord 
of  40^  30'  to''  from  BtoC^  anddravr 
the  DiaaKCer  cgy  and  at  Righc->angles 
token. 

%.  Afacn*  dicJ^^oiRt-C  aaaFolcy  d^ 
facibe  ^^Farailcl  of  eC"  04'  56"  the 
Uagdi  af  tbc  Hypotbtoofc  AC  (by  th*  liljC^r  of  the  ^iefr  Pri)^. 
StSim  ehe  imI.)  and  thro'  the  Interfedion  A  and  the  Point  C,  draw  a 
Great  Circle  (by  Cafe  the  2 J  o( Problem  the  i/?,  &ff.2rf)  and  the  thing 
is  done;  and*  the  Anrie  at  Cmly  be  meafured  by  Cafe  the  tdofPre- 
hkm  ibe  ictk^  SeS.  ne  oi. 

Legartthmicallyj  or  by  CalculatioM. 

Having  producM  the  Sides  ACy  £Cy  8^c. 
a  in  the  34/  Cafe^  in  the  ttvo  Spherical 
Trian^  EIG  and  FflS  are  ^ven,  EI  e- 
4aal  to  the  Complement  of  EC,  equal  to 
-iC,  IfF'eqaal  to  the  Complement  of  F€^ 
equal  to  Aiff,  whence  to  find  (7^  equal  to 
Ac  Compkmtitt  of  HI,  equal  to  the  An* 
g!e  at  C^  It  wilt  be  by  Axiom  the  2^ 

As  t,  (E/=Comp.  of  UCi^yAC :  t,  (iWssComp-  of  1^=)  Cfl 
: :  8.  (a;=}  R  :  S.  ((?/f=)  Comp.  of  («fc=)  <C.  That  is. 
As  the  Tangeitc  of  the  H}rp6cheRd'e^C=<fi-o4.$<?~— 10.1577192 


»*— la 


To  (hc^RadiUs- 


So  is  the  Tadgetu  of  the  Pcspewk  BQ=^.io.2p 


I  o.ooboooo, 
-PP3 15842 


i«MM. 


To  the  Confine  cl  tbc  Aqgfe  at  the  Perp.  C:=::6i«5aa9  9.^738^50 


tm^mi 


Or, 


^  / 


■^  Or, 

Havingptodaced  the  Sides  CB,  CA,  ^e» 
as  in  Cap  the  $d,  in  the  two  Spherical  Tri- 
an^FDB,  FEC,  Rl^hwingled  at  D  «tod 
E,  are  given,  DBequal  to  the  Compleincnt  of 
CB,  EC  equal  to  the  Complfcment  of  AC, 
"whence  to  find  FE  equal  to  the  Complement 

^     "D  of  EDy  the  Meafnre  of  the  Angle  at.C,  ic 

yi^     **  will  be  by  Axiom  the  id- 

As  t  ('BD)=Comp.  of  CB :  t,  rEC=)  Comp.  AC  : :  (S- •FD=) 
.s/FE=?Comp.(EI)==)<C.    Thatis. 
As  the  Co-tang«««f  *c  Perpcndicolar  BC=4o-3o.ao--W84i58 

To  the  Co-tangent  of  the  Hypoth.  AC=6uo^s6 — -9.741*808 
So  is  tbcBUdius- '■ -— '^ ^k,/-«~*«« 


^Co-iGae  of  the  Angle  « the  Perp.C=di-5o  ap  9^7i^$o 

Or, 

According  to  AK^im  lWe«,^becaufe  the  Angle,  at-C  b  the 
Umc  Part  and  required,  and  AC  and  BG  Exttcams  Adjona,  it 

will  be  ^  ^     •«. 

R:ct,AC::t»BC:ct,<C.    That  iS, 

As  the  Radius  — r-^ -—■ ^ -10  0000000 


^^mmimmmmmm- 


To  the  Co- tangent  of  the  Hyporfi.  AC=<Ji.o4.5d— 9.741280.8 
So  is  the  Tangent  of  the  Perpendicular  BC=49-30.3o  ^9.931584* 

To  ihe  Co-fine  of  the  Angle  at  thePcrp.  C=tfi.jo  a9J>^?8dyo 

Cafe   i2» 

Given  tlw  Hypothcnufe  and  the  Bate,  to  find  the  Angle  at  tJic 

Bafe.  Thatis,  ^.  .      ...     _ 

In  the  Spherical  Triangle  ABC,  Hight-angled  at  B. 

jAC— ^i04ftf>         ^-A 
arc  given  tAB^rjcjoJoJ'**!*^'^' 


tOf 


spherical  Trigmtometrp 

Ibi  Stercografhic  Solutkn. 

I.  Havii^  drawn  the  Primitive  Circle 
Bdfb^  the  Diameter  fB,  apd  at  Right- 
aogles to ici/ i&»  fet  oS AB  ^odeg.  30 
ma.  30  &C.  from  B  to  A^  (by  Ca/^  the  id 
ci Problem  die  5/ A,  SeHmxhc  id') 

2-  About  the  Point  ^asa-Pole^defcribe 
the  Parallel  C  fioftfi**  04'  56"  the  Length 
of  the  HypothenuTe  (by  Cafe  tbe  j/of 
Pr^  the4/A,  5rff.  the  2i/.)  to  intcrfcd  the 
Primitive  Circle  in  the  Point  C. 

3.  Thro' the  Points  C  and  ^  draw  the  Grpat  Circle  CAg  (by  Prot 
the  i/J  ofC^/^  the  li,  of  &il.  the  2^.)  and  the  thing  is  done ;  and  the 
Angle  at  A  may  be  mcafured  by  Cafe  the  3  J  of  Probkm  the  lorib   of 
ABiun  the  21/*  ^ 

LogfirHbmicaUyy.  or  by  Calculatm. 

Having  produced  the  Sides  Cfi,  C^,  &c. 
as  in  Cafe  the  3  i ;  in  the  two  Spherical  Tri- 
angles GIE  and  GHFy  Right-ysgled  at  H 
and  ^  and  having  the  Angle  at  G  common^ 
are  given  ^F  equal  to  the  Complement  of 
FA  equal  to  ABy  IE  equal  to  the  Comple- 
ment of  £^,  equal  to  AC^  whence  to  find  CrH  equal  to  the  Cpm- 
plcmcht  of  HI,  equal  to  the  Angle  at  A,  it  will  be  by  Ax.  the  id. 

As  t,  (LB^Comp.  AE^)  AC :  ty(HF=  Comp.  of  FA^)  AC : : 
(S.  JG—)  R:  S.  (GH^  Comp.  of  fl/=) <^.    That  is. 


As  the  Tangent  ofthe  Hypothenufe  AC:=^6i  04.^6    10.25771^2 


To  the  Tangent  ofthe  Bafe\45=y  0.30.30 
So  is  the  Radius 


To  the  Co-fine  ofthe  Anglc^t  the  Bafe  ^=47.54,20 

Or, 

Having  produced  the  Sides  CB,  CAy  &c- 
as  in  Cafe  the  ifl,  in  the  two  Spherical  Tri- 
angles FDBy  FECy  Right-4ngfed  at.£  and. 
D,  and  having  the  Angle  at  Fcommon,  arc 
given  BD  equal  to  the  Complement  ofABy 
EC  cana!  to  the  Complement  of -rfC,  whence 
to  find  FE  equal  to  the  Complement  of  £D, 

OOQ 


—  10.0840242 
-^IQ.OOOOOOO 

— 5>.8i53050 


tiJd 


SpUmd 


the  Meafure  of  the  Angle  at  A,  if  will  be  by  AxtMt  ^i^^jdi 

As  t.  CBLh^)  Comp.  AM :  t,  (CE'}  Corap  ^C : :  (S.  DF=}R 

S.(PE=)  Comp.  oHED=y<iA'    Thtth, 

As  the  Co-tans-  of  the  ftafe  ^J=5a3o.3o  ■     . '   '  ■  '9Sft  55^5*' 

TotheCo-tangcnt  of  thcHypothenofc./<C=<yi.o4ij<5— ^.7441808 
So  is  the  BUulias -r — lo.ooooooo 


•«M*««ai««»^ 


■«■ 


To  the  Co-fine  ©f  the  Aag|i«  u  theBafe  ^=47'y4-«>     ^.81^3050 

According  to  iVJfi»rJr  7W««„  beciafc  tlie  Angle  ^  is  theMid- 
dlt  <»art  and  required,  and  AC  and  ^J?  Extrcante  Ad jonft  it  wiU  be. 

As  the  Hi  c  ttAC  t'.tjAB  :  cs,  <A.    That  is. 
As  «htf  Radius-'  "«  ■'■  ■  '  "  '    lo-ooooooo 

To  die  Co-ttmgent  of  the  Sypotheiiufe=tf  r.50.2?—  5^741180$ 
So  is  the  Tangent  of  the  Rife  %4iB= jo.30.30  ■ io.o84024» 


«MMIMbiM*< 


*^M 


To  the  Co-fine  o£  the  Angle  at  the  Baft  -4=47  54-**  1^.82(5^050 

Cafe  1  J. 

Given  the  Hypo&enafe  and  one  of  &e  Legg,  to  fmi  the  Angle 
oppofitc.  Or  • 

Given  the  Hypotbenufe  and  t&e  Perpcndicul^^  to  find  the  Angle 
iat  the  Bite. 

Exam^k 

.  Ift  the  Sphepioil^  TriMgle  ABCr^  Rigbc-an^  at  Jk 

J  -4C=tfi»o4.55l  _^ 


This  Cafe  is  CbbOAi^ed^  after  the 
fiitne  ihannet  as Co/e  the  itlh^  and  the 
Angle  at  A  mav  be  xneafured  by  Cafe 
the  idoiPnh.  the  lo/i^i  of»S>^.  the  2W. 


SphmcalTrigi 


\0T 


L^arithmically^  or  by  Calcutathu* 

Havmg  produced  the  Sides  jiB,  4Cy 
&c.  as  in  Caje  the  ii^  io  the!  two  Spheri* 
cal  Triangles  ADE  and  ABC^  Right- 
angled  at  B  and  27,  and  having  tlie  fame 
Acme  Angle  at  tho>Bafe^.canunon,  are 
given  ^Cand  iSC;  whence  to  £ndZ)£ 

the  Meafore  of  the  Angle  at  A^  it  will  be 

by  y*x.  the  jyj.  ^ 

AsS.iiC:S,  CBxx  (S.  .<£=:)  il :  S.  (£D=)<^.     That 

IS, 

A»  the  Sine  of  the  Hypothenufe  AC=:tfi.o4.][tf 


Sine  of  the  Petpcodicular 
thcRgdios  ■» ^ 


^im 


lO.OOOCKkK) 


A>  ^e  Racfiiis 


Angle  at  the  Bai 
Or, 


•9,870429(5 


i**>f 


-*o.< 


•  ««■* 


TotheCo-fecant  of  the  HypothenufeAC=tf  1.64.^5 '—  10^575359 
So  is  the  Sine  of  the  Perpendicular £€=40* 3,0.20  ^—^.81x5^37 


'I    I    ■  ■ 
7o  the  Sine  ef  the  Angle  at  the  Bafe  A=47.54.2o  - — 9-870429^ 

Or, 

As  the  Go*icGant  of  the  Perpendicular  BC=4o;30.2o  io»  1 8740^3 

Radius 


So  is  the  Co-fecant  of  the  Hj^poth*  AC=5i.o4-5tf — 10-0578359 
To  the  $1^^4)0  hu^  at  thefizfe  k=:^^'i.%\Afi'^'-^9'%io\%9S 

Caic  ij. 


-v     ,*    t 


Qirea  the  Hroothenufe  and  die  Bafe,  to  fiod  the  Abgle  at  the 
Fap«DdiciiIs(i;<    Thiitis,  Qoo  a  In 


log  spherical  Trigonometry. 

In  the  Spherical  Triangle  ABC,  Right-angled  at  B, 
are  given  \^E^^o.il2o  f.  ^^^'  ^^^ 


This  Cafe  is  Cohftruaed  like  the  id 
Example  of  the  i  ith  Ciife^  and  the  An- 
gle at  C^  may  be  meafured  by  Cafe 
the  2d.  of  Problem  the  totb,  SeSHm 
the  2i2* 


Ugmthmically,  or  by  Cakulation. 

Having  produced  the  Sides  CB,  CA, 
ro  D  and  E,  (Jc.  as  in  Cafe  the  2^,  in 
the  two  Spherical  Triangles  CDE,  CB  A, 
Right-angled  at  B  and  D^  and  having  the 
Angle  at  C  coiiuncn^  are  given  AC,  AB^ 
whence  to  find  ED  the  Mcafurc  of  the 
Angle  at  Q  it  will  be 

As  S.AC :  S.  AB  : :  CS.CE=)  R  :  S-  CED=)  <C    that  is 
As  the  Sine  of  the  Hypothenufe  AC==di.o4.j5  — -*-PP4aitf4i 

To  the  Sine  of  the  Bafc  AB=  j  o.  j  0.3  o  — 

So  is  the  Radius  ■  '    •   ■  ^  • — - — ~ 


9-8874582 

— "  10*0000000 

Jo  the  Sine  of  the  Angle  at  the  Perpend.  C=tfi.yo.2^— p.p45^^ 

Or; .  ~^*" — ' 

^     ■  _  _'  _       •  • 

'   •      ''Vaoaooooo 

Tothe  ^*o-ftcant  of  die  Hypothcnnfc  CA=5i.o4  jtf-lio.ej^sl^ 
So  IS  the  Siacof  theBafe  AB=s6.3o.30 Z^-_j,.gg7^^J^ 

To  the  Sine  of  the  Angle  at  the  Peipend.  Cstfi.jo.ap— p.j^yl^ 


As  the  Radius 


-•»-*" 


spherical  Trigonometry, 

On, 

As.thcCo-iecmtof  the  Bafc  AB=$o.3o,so 


I  Op 
10.1125418 


To  the  Radius — — —lo.ooooeoo 

So  is  the  Co-iecant  of  the  Hypoth.  AC=:tfi.o4.j<5— 10.0578359 

To  tiieSine  of  the  Angle  at  the  Pcrpend.C2tf1.50.2p      99452941 

V 

Cafe   14. 

GlTcn  the  Hypothenufe  and  one  of  the  Legs,  to  find  the  other 

Or, 

Giren  the  Hypothenufe  and  the  Perpendicular,  to  find  the  Bafc 

In  the  Spherical  Triangle  ABC,  Right-angled  at  B, 


"ii™.  IS,«/ l«0-« 


rfj? 


ThSsCafe  is  Cooftnided  like  the  nth 
Cqfey  and  die  Bafe  AB  may  be  meafured 
by  the  id  Cafe  of  the  jtbPrpthm^  o£ 
Se3.  the  id. 


Logaritbmicalljy  ox  by  Cakulatm 

Product  the^Sldcs  AC,  AB'/&c.  is  m  V 
Caji  the  tfi^  then  in  the  two  Spherical 
Triangles  f  DB,  FEC.  Right-anglcd  at 
Dand  E,  &c.  are  given^  FE  equal  to 
the  Complement  of  CB^  EC  equal  to 
the  Complement  of  AC,  whence  to  find 
BD  the  Complement  of  AB^  it  will  be 
by  Aximm  the  ifi. 


ito 


Sfherkat  Tr'igi 


A«  S.  (FC=:  Coni^)  CB :  (S-  FB^:)  &  ^ :  S.  (  €E-  )  Camp: 

AC :  S.  <BD=)  Comp.  AB.    That  is,  .  . 

As  the  Co-fine  of  the  Pefpeadlcular  CB==:4o.3o»ao*— -f—p  SBujopj 


To  Ac  Radius- 


^p t' 


-^'*— jaoaoooao 

So  is  Ac  Corfinc  of  the  Hypothcnufc  AO=^6uo^f6  — ^•6844449 


To  the  Co-Sine  of  the  Bafe  AB::^p  30.30 

« 

Or, 

As  the  Radius 


0* 


^.8oH3  54 


•«aMia«aH«* 


10. 


To  the  Secant  of  the  Perpendicular  €3^=^^0.30.10  — xo.ii8p^o5 
So  is  tb:  CoHSne  of  the  Hypothenufe  XC^4i^*s6  *— p-($S44449 

To.the  Co-fine  of  the  Bafe  A8s5o.30«3o ■■    ■    g.8o343;4 

Or, 

As  the  Secant  of  the  Hypodienufe  AC=tfi.o4.5tf—— 10*3 1^5; ;i 


•  M 


To  the  Radius 


mimm^m^t^ 


So  is  the  Secant  of  the  Perpendicular  BC=:4o.3o.2< 
To  the  Confine  of  the  Bafc  AB=5o.2o.3o 

Oie  14. 

m  • 

Example  t! 


10*0000000 
lo.x  18990$ 


.9.80343  S4 


wMSPpMaVM^iV 


die  Hypotfaenufe  and  the  Bafe»  to  find  the  Fttpeodicii^ 
lar    That  is, 
In  the  Spherical  Triangle  ABC«  Itigfa^ao£led  at  B; 


TUs 


S^etml  Tr^anmetry] 


fit 


the  ^  Enaffifie  of  t)T^  i  itb  O^e^  and 
DC  may  be  mcafuiicd  by  the  Line  of 


tfigarlthmicMj^  or  by  Cd^ula^^* 

Prodacethe  Sides  CB>  BA,  dr^*  as  in  the 
"iiCrfis^  tlimih  the  two  Spherical  Triaoi^s 
FBD  and  P£A,  Righ^angled  at  D  and  £7 
Cc.  arc  given  FA  equal  to  the  Compleinent 
of  AB^  A£  equaT  ta  tbt'  Compleitieat  q£  AC, 
whence  to  find  DB  the  Complement  of  BC> 
it  will  be  by  Axhm  the  ifi. 

S.  (FA=;  Comp.  AB  :  S-  CAE=)  Gomp.  AC : :  ^S,  FB=)  R  : 
S.  (BD=}  Comp;  ftC.  That  is,, 

A^  Ac  Confine  6i  the  Bafe  AB=i;o.3o>go-         " "  ■  ^^80343^8 


Tallin  G»4ine of  the  Hy pothermfe  k<^^6i.o^^6* 
So ik theRadittS' — - — ^- *  •'    ■   ■ 


.^844449 
10.0000000 


Td  die  Co^^  of  the  Perpendicuiar  BC^4o.3o.m> 

Or, 


■toki 


■•-• 


■p>88iOi  1 1 


tiiClU^iiw 


1  -  -  ^  1 


i^taMrfttta* 


.^.^.j. 


-«-^9O.OOD000O. 


T0> the Sfcoqnttoftbd  Bafe  ABg>5g*3a3o    u,iir.  ^  ■>  ro.tye^^ggi 
So  is  the  Co-fine  of  the  Hypothenufe  AC==tf  104.$^  '-'^jr.^^44449 


•^  "^■'  r 


To  the  Co-fine  of  the  Perpendicular  BC=4o.3o.20—^9i81Rroiif 


iMH*«^ta«ite« 


Or» 


y^ 


,12  Spherical  Tri^ommetryl 

Or; 

As  the  Secant  of^c  Hypothenufe  AC=6i-o^^6-^ 


To  the  Radius 


^ 


So  is  the  Secant  of  the  Bafe  AB=jo.jo-3o 


"  ■■■"  ■  ■« 

-IQ.OOOOOOO 

'10A96$662 


M» 


To  the  Co-fine  of  the  Perpendicular  BC-4o«30,ao — ^'•SSioi  ii 


Cafe    I  5. 

Given  the  two  Angles,  to  find  the  Hypothenufe- 

Or. 
Givisn  the  Angle  at  the  Bafe  and  the  Angle  at  the  Perpesdicularj 
to  find  the  Hypothenufe. 

Example. 
Ill  the  Spherical  Triangle  ABC^  Right-angled  at  B, 


«cgivenf<^=«:*J-;|rc,.AC 


B 


l%e  StereografhtQ  Solution. 

X .  Haying  drawn  the  Primitiire  Cir- 
cle B  dfh^  the  Diameter  /J8,  and  at 
Right-angles  to  itdb,  about  d{ePcHDt 
1/ as  a  Pole,  defcribe  theParaUel  qpn^ 
atthe  diAanceof47  deg.  54min  aofec. 
equal  to  the  Angle  C,  by  Cafe  the  2d  of 
ProHtm  the  ^tb^  SeS-  the  td 


-  2.  About  the  Point  d  describe 
the  Parallel  mpn,  at  the  diftance  of 
61  deg.  5omiD.  2flfec«  equal  to  the  Angle  A,  by  Cafe  the'  ift  of 
Prohlem  the  4th,  SeShon  the  id-  \, 

3.  Thro' the  Intcrfcaion/ draw  the  Diameter  e  if,and  at  Right- 
angles  t<j  it  c^-  .  , 

4.  About  the  Point  f  as  a  Pole,  deiaibe  the  Great  Circle  c  j4g^ 
and  the  thing  is  done ;  and  AC  may  be  meafured  by  Cafe  the  3^  of 
PrpUem  the  7th,  S$£Hqh  the  2d. 

Loga- 
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SphericalTrlgoHometry^ 

LogaritbmicaJfyy  or  by  Calcuhti^* 

Hanng  produced  the  Sides  AB^  AC^  &c. 
asinCfl/^  the  3^  in  the  two  Spherical  Tri- 
angles C///and  CEFy  Right-angled  at  /and 
£,  &c.  are  given  HI  equal  to  the  Angle  a:  C, 
F£  equal  to  the  Complenr.ent  of  ED,  equal  to 
the  Angle  at  Aj  whence  to  find  EC  equal  to 
the  Complement  of  AC^  it  will  be  by  Axiom 
the  li. 


As  t, (HI')<C :  t,  (FE=)  Comp.  (£D=)<  A::(S.  CI=)R' 
S.  (C£=)  Comp.  AC.    That  is. 

As  the  Tangent  of  the  Angle  at  the  Perp.  C=6i.$o.2p  io.2714307 

To  the  Co-cang.  ofthe  Angle  at  the  Bafe-rf =47.5420  9*9^5^7^  5 
So  is  the  Radius  "■  »        ■     ■  ■ 


10.1 


To  the  Co-fine  ofthe  Hypothenufc  AC=^6t^04'^6 — ^^.(584442* 

Or, 

Having  produced  the  Sides  CBy  CAj  &c 
as  in  C^e  the  ^d,  in  the  two  Spherical 
Triangles  AJH,  AEF,  Right-angled  at 
J&  and  /,  &c.  are  given  HI  equal  to  the 
Angle  at  A^  FE  equal  to  thcComplemenc 
of  ED,  the  Meafure  of  the  Angle  at  C, 
wlience  to  find  EA  the  Complement  of 
AC^  it  will  be  by  Axiom  the  2d. 

As  t,  Ctf/-)  <A  :  t,  (FE-)Omp.  (ED-)  <C :  :  (S.  IA=) 
R:S.(EA=)Comp.AC.    That  is. 

As  the  Tang,  of  the  Angle  at  the  Bafe  ^=47.54.20  1004412^5 

To  the  Co-tang,  ofthe  Angle  at  the  Ptrp.  C=tf  1.50.29  — 97285593 
So  is  the  Radius  »      ■-^—      '  ■  io.< 


To  the  Co-fine  ofthe  HypotheBnfe<j4C=tfx.o4.5<$' 


ft4 


^erical  Tftgominetrj, 


Or, 


According  to  N^jtrt  'fbeorm,  becawfc  AC  is  the  Middle  Part 
and  ccquited,  and  the  Angles  ^  and  G  Extreams  Adjunft,  it  will  be 

■     As  il :  c  t, <A  •  i  c  t,<C  :  OS,  AC.    That  is. 
As  the  Radios- '•^-^ -lo.ooooooa 

To  the  Co-tang,  of  the  Angle  at  the  Bafe  ^=47,54.20  j>.9  J5  873  5 
So  is  the  Co-taog.of  the  Angle  at  the.  Perp..C=di. 50.19  s»-7»85tf9i 

To  the  Co-fine  of  the  Hypothenufc^0=<?t.o4.jd  -  51.6844428. 

Caiie   1 6. 

Giveo  the  two  Afi^e$,  to  find  one  of  the  L^gs. 

Ot» 
Given'  the  Angle  at  the  Bafe  and  the  Angle  at  the  Perpcndiculatf 
1^  find  the  Pwpendioilai. 

Examfh 

In  the  Spherical  Triangle  ABC,  Right-angled  at  J, 


This  Caft  is  Cbnfb:nded  l$e  the 
ijtit,  and  Be  may  be  meafuted  bf 
tbtjyoeofOkr^f. 


2«ar 


spherical  Trlgonmetty,  4  i  y 

LsgarithmkaUy^  or  by  Cakulatm* 


Having  produced  the  Sides  AC^  BQ  &c. 
as  in  Cajetht  id^  then  in  the  two  Spherical 
Triangles  Cifif,  CEF,  fltghc-angled  ac  /and 
£,  &c.  are  given,  HI  equal  to  the  Angle  aC 
^Ci  FE  equal  «D  the  Complement  of  £A  ^ 
qoal  to  the  Angle  at  A^  whence  to  find  CF 
equal  CO  the  Conipleraent  oiCB^  it  will  be 
by  ^K.  the  i/f. 


As S.  (IH=)<C :  (S. flC=) RiaS.  (£F=)Comp^£D=) <A 
:  S.  (/C= )  Comp.  C5.    That  is. 

As  the  Sine  of  the  Angle  at-rfie  Perp.  C=tf  i. 50.49— •9.94yapj< 


To  the  Radius 


>  Marfh«Mta«a^HftA  fc 


10.0000000 


So  is  the  Confine  of  the  Angle  at  the  Bafe  ^4=47.54.20—9.826304^ 
Tothe  Co-fine  of  the  Perpendicular  J3C=4o.3o*20—9.88ioiio 

■I  m^mammmmm 

Or, 


AstheRftcUiis 


TotbeGvfecMt  oftfae  Aii^eattbePm.C=tfi>5o.a9  10.0547064 
80 is  theCo^ineof  the  Ai^  at  At  Blire'j4^47-54-M  9.8263046 

Totbe  Go^iine  ofthePocpcndkidar,BC=4o.3o.2o—— 9.8810110 


lik 


Or, 

Ast^  Secant  of  the  Aj^  at  the  Bafe  ^=47.54.20  — iiDbi73tf^54 


«■■* 


III  ip-  »    n 


iox>ooopoo 


To  the  Radius -- — r *  ■■  ■-■■  — - 

So  is  the  Co-fec  .of  die  Angle  ar  thePerp.  C=6i«50.29  10.0547064 

To  the  G>-lineof  the  PetpendicuUt  £C^=^9^o  so  — ^tioii* 


Ppp  « 


Cafe 
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Spherical  Tn^nomeirys 
Cafe  i^. 


Example  t. 

<;iven  the  Angle  at  the  Bafe  and  the  Angle  at  the  Perpendicular, 
.«o  find  the  Bafe.    That  is. 

In  the  Spherical  Triangle  ABC,  Right-angled  at  B- 


««8""{^^JJ:!Jt;l'"i-^ 


-«-  B 


This  Cafe  is  ConftruAed  like  the 
t^tbt  and  ^K  may  bemeafured  by 
Cafe  the  2d  oi  Problem  the  7«A,  SeSHw 
the  34^ 


Lciorithmically,  or  by  CakulatkH. 
Produce  the  Sides  C5,  C^,  &c  as  1ft 
C4fe  the  3</,  theninthetwoSphericalTri- 
angles  AlH  and  -rf£F,  Right-angled  at 
B  £'and  /,  &c-  are  given  Hi  eqaal  to  the 
Angle  at  ^,  iTE  equal  to  the  Complc- 
raent  of  ED,  equal  to  the  Angle  at  C, 
'O    "thence  to  find  Fy<  equal  to  the  Conople- 
ment  of  JS,  it  will  be  by  j4x.  the  tft. 
As  S.(/£/-)<^ :  S.  (J!E=)Con!p.(£D=)^C : :  S-  (AH=;Ri 
S.  (FA  =)Comp.  AS    That  is. 
As  ihe  Sine  of  the  Angle  at  the  Bafe  ^=47.5  4ao>— ».8704378 

To  the  Co-fine  of  the  Angle  at  the  Perp.  C=tfi.50.ip— 9'^738<^** 
So  h  the  Radius — — 10.0000000 


To  the  Co-fine  of  the  Bafe  AB^^o.^o.^o 


'  •   .     spherical  Tr\^nomHry,  1 17 

Or, 

As  Ac  Radius       i  ■  ■■  ■  ^    ^  10.0000000 


■  -  ■*«— J 


To  the  Co-fcc.  of  the  Angle  at  the  Bafc-rf=47. 54  20  lo'.i  295711 
So  is  Ac  Co-fine  of  the  Angle  at  tbePeip^  €=61.50.29  9.5738528 

To  the  Co-fine  of  the  Bafe  ^iS^^o.  jo.30  -^ — P-8o3435o 

Or, 

As  the  Secant  of  the  Angle  at  the  Perp-  51.50.29— «io-}25i3  72 

To  the  Radius — ■>    '  *  ^         '  — 10.0000000 

SoistheCo-fec.oftheAngleattbeBafci4=47.54.2o  10.1295722 

To  the  Co-fine  of  the  Bafe  -^^=50  30.30  *  ■  »■       9.10343  jo. 

> 

To  avoid  Confofion  as  much  as  poffible,  and  to  render  every  thit^ 
as  clear  as  may  be,  I  have  in  the  Application  of  the  two  firit 
Axioms  to  the  Solution  of  the  former  Cafes,  made  the  Produftions 
from  whence  the  Proportions  are  deduced  by  themfclves,  tho  they  arc 
ready  prepared  to  our  Hands,  in  the  ConflruElion  of  almoft  every 
C4r«;  thus,  inC/»/ethe  ifl,  where  the  two  Legs  ^it  andJSC,  arc 
given,  to  find  the  Hypotbcnufe,  be- 
caufe  in  the  two  Spherical  Triangles 

iBDy  and  fAEi,  Right-angled  at  ^,..---n""-^v^ 

J!>ar.d£,andhaving  the  fame  Acute  /^     \    ^^  C 

Angle  at  the  Bafe  AFE,  we  have 
givtn  TA  the  Complement  of  w^^B  i 
and  BD  the  Complement  of  CB 
whence  to  find  AE  the  Comple- 
ment of  ACy  it  will  be  by  Axiom 
the  ifl. 

As  the  S.  FB',^.FA:\  S.  BD :  S.  AE.    That  :$,.bcc»jfc  FB' 
is  a  Quadrant  or  90  deg.  00  mia.     . 

As  the  A  :  cs,^£: :  cs,£C :  c^i^C* 

'  Again, 


ll» 


spherical  Trjgownmtry. 


Again, 

In  Cafif  cbe  zdy  when  thetwo 
Sides  ABmd  ACzxe  gi?en^  to  find 
cither  of  the  Angles  fuppiife  C ; 
becaofe  in  tte  two  S^bericlil  Tri^ 
angles  CBA  and  CDE,  Right-angled 
at  B  and  D,  and  having  cheiaoie  A- 
cute  Angle  at  the  Bafe  C,  are  given 
CB  and  BA^  whence  to  find  ED  the 
Mcafutc  of  the  Angle  at  C,  it  will 
be  by  Axiom  the  td^ 


As  the  S.  CB  I S.  CD  :  :  t,  AB :  t,  ED.    That  is,  becaiife  CD  is 
equal  to  a  Quadrant^ 

As  the  S.  Cfl :  il  •  ••  t, -4S :  t,  <.C. 

Again, 

If  the  fame  two  Sides  AB,  BC, 
were  given  to  find  the  Angle  at  A, 
having  defcribed  about  the  Point  A 
as  a  JPole,  the  Great  Circle  £D, 
and  produced  the  Sides  AB  and  AC, 
to  D  and  E,  in  the  two  Spherical 
Triangles  ABC  and  ADE,  SJ^ht- 
angled  at  B  and  D,  are  given  AB 
and  BC  wbence  to  find  DE,  the 
Meafure  of  the  Angle  at  A,  it  will 
be  by  Axiom  the  td. 

As  the  S.  AB:S.  AD::t,  BCt  t;D&   That  is  becaufe,  AD  is 
a  Quadrant, 

As  the  S.  AB  :  R  : :  t,BC  :t,  <  A. 


Again, 


11^ 


Again 

Id  Cd/r  the  ^d,  where  riie  Hy-^ 
pocheni^e  AC  is  given  and  one  of 
the  aiij'accnc  Angles,  fuppofc  C,  to 
find  the  other  adjacent  Angle  A. 

Having  about  the  Point  A  as  a 
Pole,  defcribed  the  Great  Circle 
GHI,  in  the  two  Spherical  Tri- 
angles AEF  and  AIH,  Righc-an- 
^ed  at  E  and  1,  and  having  the 
{ame  Acute  AngTe  at  the  Bafe 
FAE  common  to  both,  are  given, 
AE  the  Complement  of  AC,  EF 
the  CoBoplcmcnt  of  ED,  the  Meafurc  of  the  Angle  at  C,  whence  tQ 
find  IH  the  Meafure  of  the  Angle "HaI  equal  to  CAB,  it  will  be 
by  Axiom  the  34^- 

As  the  S.  AE  :  S.  AI : :  t,  EF :  t,  IR  That  is,  becaufe  AI  is  a 
Qoadrant. 

As  the  c  s,  AC :  R  ::  c  t,<C  :  t,  <A. 

After  the  lame  manner  may  the  Proportions  be  deduced  Ah:  every 
Cafi,  from  the  Co^uEliout  thcmfelves  by  Infpeflion. 

Tbo'  I  have  given  but  three  diflerent  Solutions  to  moil  of  the  Cafet^ 
and  which  is  fafficienc  for  my  puipofc,  yet,  he  that  underftands  the 
fbnncr  SeBim  may  ealily  deduce  ieveral  others. 

To  fliew  the  Extenfive  Ufe  of  the  li  SeBiou^  as  well  as  to  gratify 
the  Curious,  1  have  added  a  great  Variety  of  different  ConftruEHons 
oftheiameCa/f,  which  being  well  underfbod,  will  contribute  very 
aueh  to  de  thorough  Underftanding  of  the  Projcfaion  of  the  Sfbert^ 
tfac-Cpoftmfling  oi^uricMl'triai^lesy  ziui  AArommial  ProbUtm^ 


*E€T' 


no  spherical  Trigattometryl  — 


\ 


/ 


&<aion   VL 

Containing  a  ^emenflratiqn  of  thofe  Theorems  commonly 
called  AxiovaSf  By  vhich  the  feVeral  Cafes  of  Ohlicme'' 
angled  Spherical  Triangles  an  rej§lved, 

I.  "TT*  VERY  Oblique-angled  Spherical  Triangle  may  be  rcdu-    y 
Xli  ccd  into  two  Right-angled  Spherical  Triangles,  by  letting  -^ 

fall  a  Perpendicular  from  any  one  of  its  Angles  upon  the  oppo/ice  ^/ 

Side,  produced  if  need  be*  \ 

2.  The  Perpendicular  when  let  fall,  either  divides  the  Oblique*^' 

angled  Triangle  into  two  Right-angled  Triangles,  or  produces  twoi 

by  adding  of  one  to  it« 


.  J 

f .  IF  the  Perpendicular  Z)-4  falls  within  (as  in  Tig.  the  \B^ 
divides  the  Oblique-angled  Triangle  BBC  into  two  ,Right*angl( 
Triangles  JBi4£)  and  C-rfD-    But, 

4.  If  the  Perpendicular  DA  falls  without  (as  in  Fig.  the  \d^ 
produces  two  Right-angled  Triangles  BAD  and  CAD^  by  addii 
of  one  Rii^ht-angled  Triangle  CAD^  to  the  Oblique-angled  Ti 
angle  BDC  firft  given. 

5 .  If  the  Angles  DBC  and  JDCjB,  at  the  Bafe  BC  of  the  Qblicud 
angled  Triangle  BDC  are  fimilar,  that  is,  Wh  Acute  or  tx>tb  Ob 
tule,  (as  in  Fig.  the  i/?.)  then  the  Perpendicular  let  faU  fiom  the  Afl 
gle  D  oppofite  to  the  Bafc^  falls  within  the  Tmnglc. 

For, 


^t 


^e^*»e^i*^^^  ygg  SfJS/ 


I 

I     ' 


)  - 


/ 


X  . 


\ 


y 


V 


I 


\ 

\ 


/ 


wdn/r^iS^&^  /^O   Sf  /9/ 


-  ^» 


jm-p^^.  ' 


r 
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For  if  the  Perpendicular  fall  without  (as  in  Fig.  the  id)  then  be  . 
caufc  n>y  the  a8/A  rfr*  of  &ff .  the  ^d)  the  Angle  DC  A  of  the  • 
Triangle  I)AC,  i$  fimilar  to  the  Perpendicular  DA,  and  the  Angle 
DBA  of  the  Triangle  DAB,  fimilar  to  the  Perpendicular  DA  by  the 
fame,  itJoUows  that  the  Angles  DC  A  and  DBC  are  fimilar,  that  is, 
both  Acute  or  both  Obtufe,  andcpnfcquencly  the  Angles  DCBand 
BCD  are  dlffimilar^  that  is,  one  Acute  and  theocher  Obtufe,  which 
is  contrary  to  the  Hypothcfis ;  wherefore  the  Perpendicular  DA 
muft  fall  within  (as  in  Fr^.  thi  iftO    Again, 

7,  If  the  Angles  DBC  and  DCB  at  the  Bafe  BC  are  diffimilar,  that 
is>  one  Acute  and  the  other  Obtufe  (as  in  Fig.  the  id)  then  the 
Perpendicular  let  fall  from  the  Angle  oppofite  to  the  Bafe,  will  fall 
without  the  Triangle  upon  the  Bale  produced. 

For  if  the  Perpendicular  falls  within  (as  in  Fig.  the'i/l  )then  becaufe 
the  Angle  DBA  of  the  Triangle  DAB,  is  fimilar  to  the  Perpendi- 
cular DA  (by  the  litb  At.  o(Se£i.  the  ^d)  and  the  i\  ngle  DC  A  of 
t'ne  Triangle  DAC  fimilar  to  the  fame  Perpendicular  DA :  by  the 
fame  it  follows,  that  the  Angles  DBC  and  DCB  at  the  Ba(e  arc 
fimilar,  that  is,  both  Acute  or  both  Obtufe,  which  is  contrary  to 
the  Hypotfaefis  ;  wherefore  ia  this 0|/i  the  Perpendicular  willfall 
without  (as  in  Fig  the  id.)  ' 

8.  Wherefore,  If  a  Perpendicular  DA,  let  fall  from  any  Angle  D  of 
the  Oblique  angled  Spherical  Triangle  EDC,  fall  within  theTriarglc 
(as  ini^.  the  i/7)  the  Angles  DBA  and  DC  A  at  the  Bafe  DC,llhall 
be  both  fimilar,  that  js  both  Acute  or  both  Obtufe,  and  on  the 
contrary,  if  the  PerdenBicular  DA  fall  without  theTriangle  (as  in 
Fig.  the  2d')  the  Angles  DBA  and*DCA  at  the  Bafe  DC,  (hall  be 
diffimilar,  that  is,  one  Acute  and  the  other  Obtufe,  an^I  the  Perpen- 
dicular (hall  fall  on  that  part  of  the  Bafe  produced,  where  the  Angle 
is  greater  than  a  Right-angle. 

For,  If  the  Angles  DBA  and  DBC  at  the  Bafe  DC  are  diffimilar, 
that  is,  one  Acute  and  the  other  Obtufe,  then  the  Perpendicular  DA 
will  fall  without  the  Triangle  (zs  in  Frg.  the  id)  by  the  7/A  preceding 
jb^.  which  is  contrary  to  the  Hypothefis  j  and  on  the  contrary,  it. 
die  Angles  at  the  Bale  are  fimilar,  that  is,  both  Acute  or  both  Ob- 
tufe, fas  in  Fig^  the  i^)  then  the  Perpendicular  will  fall  within  by 
the  6tb  preceding  -^r,  which  is  alfo  contrary  to  the  Hypothcfis; 
whct€(brc  if  the  Perpendicular  fall  within,  the  Angles  at  the  Bafe  will 

be  fimilar.  .-i. 

Q^qq  X.  That 


- 1 1 1  spherical  Trigonometry. 

Ths  Sides  BD,  DC,  comprehending  the  Angle  D,  from  whence 
the  Perpendiculcar  is  drawn  are  called  theHypothpnufcs,  B A,  AC,the 
Bafcs,  thc^ Angles  B  and  '(t  chc  Angles  at  the  Bafc,  and  the  Aisles 
BDA,  B  DC,  the  Angles  at  the  Vertex  or  Angles  at  the  Perpendicu- 
lar, of  the  two  Right-angled  Spherical  Triangles  BAD,  DCA,  ha- 
ving the  lame  common  Perpendicular  DA  ;  thefe  things  being 
premifed,  it  follows, 

1.  That  fhe  Sines  of  the  Hypothenufcs  BD  and  DC,  arc  reci- 
procally proportional  to  the  Sines  of  the  Angles  at  the  Bafe  B  and 
C,  and  the  contrary. 

For  in  the  Triangle  BDA  Righf-angled  at  A,  S.  BD  :R  :  s 
S'  DA  :  S.<-  B  (by  the  id  Cor.  ot  the  4^*  SeBion)  and  in  the  Tri-^ 
gle  CD  A  Right-angled  at  A,  S.  DC  :  R :  :  S  DA  S.  <  C  by  the 
fame  ;  wherefore  by  the  i  a/A  Cor.  of  Ae  1  jrA  Geom.  7%eor.  it  will 
be,  S  DC  :  S.  BD  :  :  S.<^B  :  S.  <C 

2.  The  Co-fines  of  the  Angles  B  and  C  af  the  Ba{e,  arc  direftly 
proportional  to  the  Sines  of  the  Angles  BDA^  CDA  at  the  Vertex, 
and  the  contrary; 

For  by  the  ^tb  Cor.  of  SeSi.  the  4/A,  in  the  Triangle  BAD  the  R  ? 
c  s,  D  A : :  S.  BDA  :  c  s,<,B,  and  in  the  Triangle  CAD,  R :  c  s,  DA 
: :  S.  CDA  :  c  s.  <v.C  by  the  fame  ;  therefore  by  the  i  itb Cor.  of  the 
i$th  Geom.  Theor,  it  will  be,  S.  BDA  :  S.  CDA  : :  c  s,<UB :  d$,<jC. 
That  jg.  As  c  s,<B  :  c  s,  <C  :  :  S.  BDA  :  S.  CDA- 

3.  The  Co-fines  of  the  Hypothenufes  BD,  DC,  arc  direftly  pro- 
portional to  the  XDo-fines  of  the  Bales,  and  the  contrary  ; 

For  by  the  jd  dor.  of  the  ^b  Se£i.  in  the  Triangle  BAD,  the 
R :  c  s,  DA  I :  c  s,  BD :  c  s,  B  A  ;  and  in  the  Triangle,  CAD  R : 
c  s,  D  A  : :  c  s,  DC :  c  s,  AC  by  the  fame,  wherefore  (by  the  i iHk 
Cor.  of  the  i  jrA  Geom.  T%eor.  ift)  cs,  BD  :  c  s,  DC :  :  BA :  c  s,  AC. 

4.  The  Sines  of  the  Bafes  B  A  and  AC  are  reciprocally  proporti-* 
onal  to  the  Tangents  of  the  Angles  at  the  Bafe,  and  the  contrary  • 

For  by  the  2d  Cqr^  of  the  ^tb  SeBion  m  the  Triangle  BAD  ir 
will  be,  S.BA  !  R  : :  t,  DA  ?  t,  <^B,  and  in  the  Triangle  CAD, 
S,  DA :  R : :  t,  DA  :  t,CD  by  the  fame ;  whtrcforc  by  the  i  itb 
Cor.  of  the  i^tb  Geom.  Tieor.  it  will  be,  S.  DA  :  S*  BA  : :  t,<vB : 

t,<D.  ^         , 

5-  The  Tangents  of  the  Hypothenufes  BD  and  DC;  arc  itdpro- 
caUy  proportional  to  the  Co-fines  of  the  Angles  £DA  and  ADC  at 
the  Vertex,  and  the  contrary ; 

.    For 
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"Foe  by  the  ^th  Cor.  of  the  ^th  SeSIiim  in  the  Triangle  ADB,  t,  BD 
:  R  :  :t,DA  :cs,BDA,  and  by  the  fame  in  tac  Triangle  CAD, 
t,  DC :  R : :  t,  DA  :  c  s,  ADC,  wherefore  by  the  iitb  Cor.  of  thp 
ijrt  Cf«w.  7i«)r.  t, BD  :  t,  DC : :  cs,  ADC  :  C  S,ADB. 

6.  The  Tangents  of  the  Bafcs  BA  ana  AC,  are  diredly  proporr 
tional  CO  the  Tangents  of  the  Angles  BDA  and  CDA  at  the  Vertex^ 
and  the  contrary ; 

For  by  the  2d  Cor.  of  the  ji^tb  SeBion^  in  the  Triangle  BAD,  R : 
ScDA::  t,BDA:t,  BA  ;  and  by  the  fame  Cor.  in  the  Triangle 
CAD,  R  :  c  s,  DA  : :  t,  CDA  :  t,  CA,  wberetore  by  the  i  ith  Ccr* 
of  the  I  $tb  Geom.  IheorA  t,  BDA :  t,  CDA  :  :  t,  B A  :  t,  C A  ;  or 
which  is  the  fame,  t,  BA  :  t, CA  :  -.  t,  BDA  :  t,  CDA. 

Hence^  and  by  the  two  (irft  Proportions  of  SeSUon  the  /^tb^  may 
any  of  the  firfl  Ten  Cafis  of  Oblique-angled  Spherical  Triangles  be 
readily  refolved,  for  beCaufe  in  every  Oblique-angied  Spherical  Tri- 
tn^e,  there  are  always  three  things  given,  and  in  each  of  the  firft 
Ten  Cafes  either  two  Sides  and  one  Angle  or  two  Angles  and  one 
Side,  if  a  Perpendicular  be  lee  fall  from  the  end  of  that  given  Side 
^K^ch  is  adjacent  to  the  given  Angle,  and  foas  to  fall  opt>oiice  to 
the  fame  given  Angle,  we  (hall  always  have  a  Hypothenufe  (viz^. 
the  Side  irom  whence  the  Perpendicular  is  drawn)  and  an  Angle  ae 
the  Bafe  (o/ru  that  Angle  which  is  oppofitetothe  Perpendicular  when 
drawn)  given,  in  one  of  the  BJght-angled  Spherical  Triangles  thus 
produced,  and  in  the  other  Triangle  either  a  Hypothenufe  or  Angle 
at  the  Bafe,  or  the  Bafe  and  Angle  at  the  Perpendicular  may  be  rea* 
dily  foand,by  adding  or  fubflra&ing  the  Bafe  orAngle  at  the  Perpen- 
dtCQllr  in  the  firft  Triangle  (inveftigated  by  the  help  of  the  ifi  or  2^ 
Axiom  or  Propofitiou  o(SeB'  the  4^^,  from  the  Hypothenufe  and  An*- 
gk  at  the  Bafe;  from  the  Side  in  the  Oblique-angled  Triangle  upon 
which  the  Perpendicular  fell,  or  the  Angle  from  which  it  was  drawn, 
and  then  comparing  thegiven  parts  in  one  with  the  (imilar  parts  in  the 
other,  the  part  required  will  be  eafily  found  by  die  help  of  fome  of 
the  former  C^rtf/Air//. 
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Suppofe  for  E^amplty  in  the  Oblique-afigled  Spherical  Triatigle 
BDC  there  were  given  BD,  the  Angle  B,  and  DC,  to  find  the  An- 
gle C,  if  in  this  Cafe  thb  Perpendicular  DA  be  let  fall  from  D,  one 
end  of  the  given  Side  BD,  whicli  Side  is  adjacent  to  the  given  Angle 
B,  and  fo  as  to  falloppotite  to  the  fame  given  Angle,  we  Ihall  have 
given  in  one  of  the  Right-angled  Spherical  Triangles  BD  A  thus  pro- 
duced, BD  the  Hypothenufc,  and  the  Angle  B  the  Angle  at  the 
Bafe,  and  in  the  other  Triangle  DAC,  ttie  Hypothenufe  DC>  to 
find  the  Angle  C  the  Angle  at  the  Bafc,  and  becaufe  (by  the  ly?  Cor-. 
of  this  SeSiion)  the  Sines  of  the  Hypocbenufes  are  reciprocally  pro* 
porcional  to  the  Sines  of  the  Angles  at  die  Bafe,  it  will  be  as  the  Sine 
of  the  Side  DC  (ewe  of  the  Hypothcnufcs)  to  the  Sine  of  the  Side 
DB  (the  other  Hypothenufe)  fo  is  the  Sine  of  the  Angle  B  (one  ofc 
the  Angles  at  the  Bafe)  to  the  Sine  of  the  Angle  C  (the  other  Angle 
at  the  BafeJ)  which  is  fimilar  to  the  Angle  B  if  the  Perpendicular 
fall  within  as  in  the  firft  Figure,  but  difiimilar,  if  it  tall  without^  as 
in  tlie  id  Figure. 

Again,  in  the  fame  Triangle,  if  the  lame  things  were  given  as  be- 
fore, andinftcad  of  the  Angle  at  C  the  Side  BC  were  required,  ha- 
ving  let  fall  the  Perpendicular  DA  as  before,  firft  in  the  Triangle 
BDA  we  have  given,  BD  the  Hypothenufe  and  the  Angle  B  the  ^- 
gle  at  the  Bafe,  whence  to  find  B A  the  Bafe  it  will  be  by  Cafe  the  ^tb 
of  SeB'  the  $thy  As  c  $y  <B :  R  : :  ct,  BD :  c  t,  B A,  and  becaufe  by 
the  ^d  Cor-  of  this  SeEiion,  the  Co-fines  of  theHypothenufes  are  dirc&ly 
proportional  to  the  Co-fines  of  the  Bafes,  it  will  be  As  c  s,  BD  z 
c  s,  DC : :  c  s,BA :  c  s,  AC  the  Bafe  of  the  Triangle  DAC,  this 
therefore  added  to  BA  before  found,  where  the  Pecpendicular  falls 
within  as  in  Fig.  the  ift^  or  fubftraded  from  BA,  where  the  Pcq>cn- 
dicular  falls  without  as  in  Frg.  the  zd,  will  give  the  Side  BC  requi- 
red. 

Again,  in  the  fame  Triangle,  the  fame  things  being  given  as  be- 
fore, If  inftead  of  BC  the  Angle  at  D  were  required,  becaufe  in  the 
Triangle  BDA  the  Hypothenufe  BDand  Angle  B  at  the  Bafc  are  gir 
vcn,  (it  will  be  by  Cafe  the  3^,  o(Se£iion  the  5/A)  to  find  the  Vertrcal 
Angle  BDA,  As  the  cs,  BD:  R  : :  ct,<;B  :  t,<3DC,and  becaufe 
by  the  jth  preceding  Cor.  the  Tangents  of  the  Hyoochenufcs  are  re- 
ciprocally proportional  to  the  Co-fines  of  the  Angles  at  the  Vertex-^ 
it  will  be  As  t,  DC  :  t,  DB  : :  c  s,<  BD  A  :  c  $,  ^CD  A,  this  thcre^ 
fore  addeil  to  the  Angle  BDA  before  found,  when  the  Perpendicular 

falls 
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falls^  within^  but  fubftraded  from  the  Angle  BDA  when  the  Pcr« 
pendicolar  falls  wicfabut,  wiU  give  the  Angle  BDC  required. 

Again^in  the  fame  Triangle  BDC,  i£BD,  J?C,  and  the  Angle -tf 
were  given,  xo  find  the  third  Side  DC,  becaufe  in  this  Cq/e  each  of 
the  given  Sides  is  adjacenc  to  the  given  Angle,  the  Perpendicular 
may  be  let  fall  cidiec  trom  the  PointD  uponfiC  (produced  if  need  bej^ 
or  (com  the  Point  C  upon  BD  (produced  if  need  be) let  it  fall  there- 
fore from  the  Point jD  upon  BC  (produced  it  need  be)  for  both  Varie- 
ties are  anfv^ered  in  this  Cafe:  becaufe  the  Angle  D  is  Obtufe  in 
jR^.  the  ift  and  Acute  in  Ffg.  the  td,  in  the  Right-angled  Spherical 
Triangle  BAD  are  given,  BD  the  Hypothenufe,  and  the  Angle  B 
the  Angle  at  the  Bafc,  whence  to  find  the  Bafe  BA  it  will  be  by  Cafi 
the  j\tb  of  Se£HoH  the  $tb.  As  the  cs,<B  iR  i  :ct, BD  ict,  BA y 
which  in  Bg-  the  ifl  taken  from  BC,  and  in  Pfg.  the  id  leflen'd  by 
SC,  will  give  AC  the  Bafe  of  the  Right-angled  Triangle  CAD ;  and 
becaufe  by  the  ^d  preceding  Cor.  the  Co-fines  of  theBafesare  diredly 
proportional  to  the  Co-fines  of  the  Hypothcnufes,  it  will  be,  As.the 
c  s,  BA  :  c  s,CA  : :  c  s,  BD :  c  s,  DC  required.    Again, 

If  the  An0c  at  C  in  the  fame  Oblique-angled  Triangle  BDC  were 
to  be  found  trom  the  fame  Data,  becaufe  by  the  ^tb  ptecedingCor.  the 
Sines  of  the  Bafes  are  reciprocally  propordonal  to  the  Tangents  of^ 
the  Angles  ar  the  Bafe,  it  will  be  as  the  Sine  of  Ci^  to  the  Sine  of 
BA   fo  is  the  Skie  ot  the  Angle  B  to  the  Sine  of  the  Angle  at  C  tc- 

quired.  r  *    \ 

After  the  fame  manner  and  by  the  help  of  the  fame  Cor.  may  an3r 
other  Cafe  in  Oblique-angled  Spherical  Triangles,  where  one  Side. 
and  one  Angle  are  part  of  the  Data,  be  eafily  refolvcd  j  as  the  Li** 
tdligent  Reader  will  readily  perceive^ 

Propofition  III.    Or  Axiom  III. 

» 

In  all  Spherical  Triangles,  the  Sines  of  the  Sides  are  direftly  pro* 
portionalto  the  Sines  of  their  oppofite  Angles,  that  is,  in  the  Sphe- 
rical Triangle  BDC  (kc  the  Figure  in  Page  the  123//)  it  will  be,  S- 
J5D:  S.  DC::S,<C:S.  <S. 

tor  having  let  fall  the  Perpendicular  DA  it  will  be  (by  Cor.  the  lyf  of 
Prop  the  i/?and  ai^of  .Sl?£?.the4f*,or  Cafe  the  iph  oiSeU:  the  5/Aj. 
^'  AsS.  BZ):ii::S.D^  :S.<;J?. 

And  S- DC :  iJ : :  S.  £>^  S.  <;c. 
'^  Where- 
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Whcrtforc,  by  C(^*  tbc*ii/Aof  Prop,  the  x$th  o(Part  the  i/F,  it 

^ill  be, 

S.BDS.DC:iS:<C:S.<B.    W.W.D. 

To  render  the  Demonftracion  of  the  remaining  Axioms  most  cafy, 

it  is  necciTary  to  premife  the  (ollowing  Lemma  s. 

Lemma   u  . 

The  Verfed  Sine  of  an  Arch  multiplied  into  half  the  Radius^  Is 
eqiul  to  tbeSquareof  the  Sine  of  half  that  Arch>  or  to  half  the  Sine 
^of  the  Arch  multiplied  into  the  Tangent  of  Half  the  fame  Arch. 


Let  the  given  Arch  hemd^  then  will  ^  m  be  its  Verfed  Sine,  and 
m  tt  the  Right  Sine^  and  m  s  the  Tangent  of  the  Arch  m  c^  the  half 
Q(md. 

And  becaufe  the  Triangles  mtdztid  ucmztc  fimilar,  (for  the 
Angle  at  m  is  common^  s^nd  the  Angles  at »  and  t  are  Right-angles) 
it  will  be  (by  Prop,  the  iHtb  of  Part  the  sfi)  as  imi  mdii  mm  i 
%  w,  that  is,  (by  Cor.  the  lith  gf  Prop,  the  15/*  Part  the  ifl)  zsim 
:  mniidmicm^  and  confequently,  z:^bm\ttmii{k  dm^)  mu  : 
^cmy  wherefore  (by  Cor.  the  ifi  ox  Prop,  the  i^tb Paart the  jft)  t  m 
x4  c  m:=mH<\y  that  is,  the  Verfed  Sine  ^x»  of  the  Arch  d  m,  multi- 
plied into  half  the  Radius  cm,  is  equal  to  the  Square  o(  mn  the 
Right  Sine  of  m  c,  the  half  of  the  Arch  mod.    W.  W.  D. 

2.  The  I  di  :di  :  ;  (f  rfi».)=)  mn  :  dm  (by  the  itb  Cor.  oiProp. 
the  i^th  Part  the  tfi)  aiKi  confequently  k  dtimni  :  dt  i  dm  (by 
the  f^th  Cor.  o( Prop  the  ift  Part  the  i^)  and  becaufe  the  Triangles 
di m and  smnzvt  (imilar,  (for  / m  and  dtarc parallel,  and  the  An* 
gles  at  n  and  t  are  Right-^ang^es  (dtidmiimmms,  wherefore^  jd  h 
-nmniimnimqi  and  confequently  (by  the  ifi  Cor.  of  Priv/t^  the 
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i^tb  Part  the  ift)  \  dSxmi^mnq^  that  is,  half  the  Sine  di  of  the: 
Archies  multiplied  into  m  s  the  Tangent  of  w  c,  one  half  of  the- 
Arch  md^  is  equal  to  the  Square  oimu  the  Sineof  the  half  Arch. 

Lemma  i. 

The  Vcrfed  Sine  of  the  Supplement  of  an  Arch  multiplied  intoi 
half  the  Radius,  is  equal  to  the  Square  of  the  Co-fine  of  halt  tbac 
Arch,  or  to  the  Produd  of  half  the  Sine  of  that  Arch  multiplied  into* 
the  Co-tangent  of  the  fame  Arch. 

In  the  former  Figure,  let  the  given  Arch  be  ^m,  then  will  ^  ^  be 
the  Verfed  Sine  of  its  Supplement,  and  c  n  the  Co-fine  of  Mi)  its  one 
half,  andf  q  the  Co-tangent  of  the  fame.  ^ 

And  becauTe  the  Triangles  a  d  b  and  cmnzxt  fimilar,  (for  the  An- 
gles at  m  and  i  are  equal,  and  the  Angles  at  Hand  t  Right-angles}, 
it  will  be  (by  the  lith  Prof. of  Part  the  ifl)zsahi  adx :  en  :  cm; 
that  is,.by  alternation,  asaticn:-.  ad:  em;  but  becaufe  am  is. 
the  double  o(cm,  ad  is  equal  to  twice  en,  for  the  Triangles  adm-. 
and  enmztt fimilar,  (becaufe the  Angles  at  d  and  n  are  Right-an- 
gles, and  the  Angle  m  common}  wherefore,  at:  cm-  it:  n  :  cm, 
and  confequcntly,  at:  c  n::  en:  \cm,  wherefore,  (by  Cor.  the  i/fc 
cl  Prof,  the  is/A,  Part  the  iftXa  bx^c  m=e  »vc  »=c  uq,  that  is,  the 
Verfed  Sine  n^  <^the  Arch  ad,  the  Supplement  oidm  multiplied^ 
into  half  the  Radius  c  my  is  equal  to  the  Square  of  c  n.  the  Co-fine. 
<^  ^  Ardi  mo  the  half  of  the  Arch  d  m^    W.  >V.  D. 

a.  Becaufe  the  Triangles  cfr  and  dba  are  fimilar,  (for  the  An-- 
ries  at  i  and  f  are  Right«>angles,  and  the  Angles  a  and  r  are  eqwT). 
It  w91  be  as  cf:fr::H:ba,  and  fo  is  haXxib  to  ha^f  ia,  where-^ 
fbre,  (by  CiT.  the  ij8  of  Pr«p.  the  ij/AjP«rt  the  ift)  cfx^bar=ifrx 
\di,  but  by  the  former  Pmt  frxhd  b—cnq.  wherefore  by  the  lyf  • 
Geom.  Axiom,  kdb^fr=cm%  that  is,  half  the  Right  Sine /*  of  the. 
Arch  doTH^  multphcd  intof  r  the  Tangent  of  the  Arch/  o,  the  Com*, 
^ement  of  the  Arch  m  Oi  the  half  o(mdis  eoual  to  the  Square,  ol': 
i  9,  the  Co-iSne  of  the  iame  half  Arch  mo.    W  • .  W.  D* 

Lemma  r..  v 

The  DiflTcrcnce  of  the  Verfed  Sines  of  two  Arches  multiplied  in* 
lo^half  the  Radius^  is  equal  to  the  Sine  6f  halfrthe  Sam  of  thofe  Ar— 

•obe$^ 


% '.' ' 
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clics  Qiukipikd  into  the  Sine  of  half  chek  Ditifercfice. 


Tn  the  adjacent  t'igurc,  let  a  b  and  amht  the  two  given  Arches^ 

then  will  m  o  the  Sine  of  the  Arch  m  dy  be  the  Sine  of  half  their  Dif- 

ierence,  (tor  the  Arch  mb  equal  to  twice  m  d,  is  the  Diflerence  of 

the  Arches  a  b  and  a  m)  and  a  z,  the  Sine  of  the  Arch  a  d^  the  Sine 

of  half  their  Sum  (for  abthc  greater  Arch  leflened  by  id  the  half 

Difference  of  the  Arches,  leaves /li  the  half  Sum  of  the  two  Arches) 

aUo  q  m  equal  to  fn^  equal  to  the  Diflerence  of  their  Verfed  Skies 

^p  and  a  »,  (for  apis  the  Verfed  Sine  of  the  greater  Arch  ai^  and 

a  n  the  Verfed  Sine  of  the  lefTer  Arch  a  m)  and  becaufe  the  Triahgks 

iqm  and  caz^zvc  fimilar  (for  the  Angles  q  and  x,  ace  Right-angles^ 

and  the  Angles  at  a  and  m  are  equal,  by  reafon  the  Lines  jr  lyr^  fa, 

and  b  m  and /I  &  are  parallel  (by  Conftruftion)  it  will  be  %sac\ax» 

:  \bm\q  m^=:p  n  (for  the  Figure  fqmnisz  Parallelogram)  that  is  by 

Alternation^  as ^ c  i(b m=j  imaizax^ifn,  afid confequeatly,  as 

hacimoiiaz,  :pn,  wherefore  by  Cor.  the  ifi of  Prof,  the  i^tb. 

Part  the  ifif  iacxfn—moxoz,  i  that  is,  half  theRadiuSiic  multiplied 

into/n  the  difference  oi  the  Verfed  Sines  af^  a  «,  of  the  Arches  a  b, 

n  m^  is  equal  zo  mo  the  Sine  of  the  half  difference  m  dp  multiplied 

into  a  X  the  Sine  oiad  the  half  Sum.    tV.tV.D. 


Lemma.  4«  * 

The  Sam  of  the  Sines  of  any  two  Arches,  is  to  the  Diiferencc 
x>f  the  Sines  of  the  fame  Arches ;  as  the  Tangent  of  half  the  Sum  of 
thofe  two  Arches,  to  the  Tangent  of  half  their  Difference. 

In  the  former  Figure,  let  a  *,  and  a  m,  reprefcnt  the  two  Arches, 
then  will  if  be  the  Sine  of  the  greater  Arch  s  ^,  SLwdfn  the  SiAe  of 
the  lefTer  Arch  a ;»,  and  o  k  equal  to  half  ^/,  the  Difference  of  the 
Sines  kp^  and  m  n  (for  nfis  equal  to  half  m^,  becaufe  mo  is  equal 
to  the  half  of  m  t)  and  confequcntly  og  is  egual  to  half  the  Sam  of 
the  Sines  */,  and  ht »,  alfp  dvis^t  Tangent  of  the  Arch  da,  half 
the  Sum  of  the  Arches  ai,  and  am,  and  ^/rbe  Tangent  of  the 
Arch  dm  equdl  to  the  half  of  the  Arch  m  *,  the  Difference  of  the 
Arches  ai,  and  am,  and  becaufe  or  is  parallel  to  Jvj  one  Side  of 
the  Triangle  cdv)  it  will  be  (by  the  ijtb  Ptof.  of  Part  the  ifi)  as 
vdifd'.iro:  mo,  but  as  ro  :  mox:  og  :  o  k,  (for  the  Triangles 
tog  and  mok  are  fimilar,  becaufe  i  m  and ^ /  ztp  parallel)  and  fo 
U  twice  og  equal  to  bp-xmn,  to  twice  ok  eqpal  to  ^^  equal  to  bp 
-^mni  wierefore,  as  vd:dfi:bf+mmbp—mn,  or  z^if-r 
mn  :  hf—mn^  -^4:*  dj,  that  is,  as  the  Sum  pf  the  Sines  ^/  and 
.m  A  K>r t^? 'i^rcfees  ^i  ^nd  am,  to  the  Di fference  of  tHi  Sines  t f 
land  m  n,  of  the  Ar^es  at  and  a  m,  (ixisdi;  the  iTangcnr  of  the 
Arch  a  i^  the  half  Sum  of  the  Arches  ^  ^  and  a  m,  to  df  the  Tart- 

t  of  the  Arch  dm,  the  half  Difference  of  the  Arches  a  b  and  a  m. 

Hehce  we  ar«  taught  jl  very  ta/y  \^ay  6f  dc^moimraliing:  the  third 
Ax&m  of  Plme  Irigonametry ,  fpr  fitlding  t\!sro  Angles^  from  two^3es 
and  die  containing  Angle  being  given.  ■         '    " 

For  in  the  Triangle  ADE,  becaufe 
by  the  zd  Axiom  AD:VE::S.<E:  1> 

&  <irf,  it  mVi  bf  (by  Cifr.  the  i^th  of 
Prm7thc  i  ith  J^Art  the  tayAWpE 
.  20_i>£ : :  S.<JE-V  S.  <^  :S. <£ 
~S.<]A^biit  by  the  preceding  2>;w«rtfj    .  ^  •      >.  — 

S.  SJ+*-^  Ai^<  £+§.<  A : ;  A^*^-" : -^^ ^* 

t.T<^AlrEi  t>»<0£^>  whcittorc,  '  

AD-^DE  I  AD-'DE::  t,i<sE-\-A :  t,  i<i* E^A ;  that  is,  as 

the  &un  of  the  Sides  .^  and  ^f£  to  their  Diffoxnce^  fo  is  ^^ 

Rrc  gent 
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gent  ot  half  the  Sum  of  their  oppofite  Anglesj  to  the  Tangent  of  half 
their  Difference,  tTc.  W.  W.  D. 

Lemma  5. 

The  Sum  of  the  Co-fines  of  two  Arches,  is  to  the  Diflference  of 
the  Co-fines  of  the  fame  Arches,  as  the  Co-tangent  of  half  the  Sum 
of  thofe  Arches,  to  the  Tangent  of  half  their  Difference  :  if  the 
Arches  are  lefs  than  a  Quadrant. 

For  in  the  fame  Figure,  let  a  h  and  a  m  reprefent  the  two  Arches, 
then  will  cf  he  the  Co-fine  of  the  greater  Arch  ai,  and  en  the 
Co-fine  of  the  leffer  Arch  a  m^  and  k  m  equal  to^  ir,  equal  to  the 
half  of/  »,  theDificrence  of  the  Co-fines  c  n  and  c/,  (for  mk  i^C'- 
qual  tohalf  fff  9,  becaufe  mo  is  equal  to  half  »sr^)  and  confequently 
f  k  is  equal  to  c  j  (becauie  the  Figure  iqfc  is  a  Parallelogram)  is 
equal  to  half  the  Sum  of  the  Co- fines  en  and  c/,  alfo  ^  r  is  the  Tan- 
gent of  the  Axch  yd  the  Complement  of  the  Arch  a^dy  the  half  Snm 
of  the  Arches  a  b  and  a  m,  and  x  t  equal  to  rf/the  Tangent  of  the 
Arch  ^^  equal  to  dm^  the  half  Difference  of  the  Arches  ah  and 
a  nty  and  becaufe  the  Triangles  eft  and  cms  ztc  fimilar  (for  ms  is 
parallel  to/rr  it  will  be  (by  Prop,  the  i  %th  Pari  the  iji)  as  td:  dfz  i 
so  :  om^  but  as  so:  om  I'^ikikm  (for  the  Triangles  mok  and  ms  i 
are  fimilar,  becaufe  0  k  and  / 1  are  parallel)  and  fo  is  twice  1  k  equal 
to  twice  cg^  equal  to  cf'\'cn  to  twice  km,  equal  to  twice  une- 
qual to  en — c/,  wherefore  zstdi  dfx  :  en-^rcp:  en — f/,  or  as 
c  u-^cf  :  en-.-cp  :  :  tdidf;  that  is,  as  the^um  of  the  Co-fines  ch^ 
cpf  or  the  Arches  a  ^y  a  wf,.to  the  Difference  of  the  Co-fines  e  if,  cf, 
of  the  fame  ArcheSTi  t,  am,  lo  is  dt  the  Tangent  of  the  Arch  dj, 
the  Complement  of  the  ^rch  da,  half  the  Sum  of  the  Arches  ah, 
a  m,  to  <//the  Tangent  of  the  Arch  dm,  the  half  Difference  of  the 
fame  Arches.    fV.  WD. 

But  iCrfie  Arches  are  greater  than  a  Qiiadrant,;the^m  of  the 
Co-fines  will  be  to  the  Difference  ofche  Co-fines,  is  the  Tangent  ot 
half  the  Sum  of  the  Arches,  to  the  Co-tangent  of  half  their  IJifercnce, 

For  the  Tangents  of  any  two  Arches  are  reciprpcally  proporicionai 
to  the  Co-tangents,  as  has  been  proved,  in  SfHiOff  the  jidofp^tthc 

Second.         >    '  -'    -'      ' "-'-     -  - 

»  •  -     '         /  •       • 

-  •  ■        .  I  >    • 

•  I      ♦  •        *     •     \  _^ 

•   -  '  ... 

'         '     Lem- 


spherical  Tn^onometry.  i  ^  i 

Lemma  6. 

The  Sum  o£  the  Tangents  of  any  two  Arches,  is  to  the  DiflTe- 
rence  of  the  Tangents  of  the  fame  Arches^  as  the  Sine  of  the  Sum  of 
thofe  Arciies,  to  the  Sine  of  their  Difference. 

In  the  Figure  belonging  to  the  ^d Lemma,  let  a  d  and  db  repre- 
feoc  the  two  Arches^  then  will  tp  the  Sine  of  the  Arch  bahc  the 
Sine  of  the  Sum  of  the  Arches  a  d  and  db,  and  m  n  the  Sine  of  the 
Axchanij  ths  Sine  of  the  Difierence  of  the  Arches  a  d  and  d  b,  for 
the  Ardi  dmis  equal  to  the  Arch  db,  alfo  dv  the  Tangent  of  the 
greater  Arch  da,  and  d  x  equal  to  df  the  Tangent  of  the  lefler  Arch 
d  m  equal  to  df,  and  becaufe  ^  r  is  parallel  to  xv,  the  Side  xv  of  the 
Triangle  c  xv)  it  will  be  (by  Prop,  the  iZtb  of  Part  the  ift)  as  x  v  : 
fv :  \b  r:  mr,  but  as  ^  r  : ;»  r  -Abp  :  mu  (becaufe  mn  is  parallel  to 
the  Side  *^  of  the  Triangle  r  bf)  wherefore  by  Equality,  zs  xv: 
fv  \\bp\mn\  that  is,  as  x  i;  the  Sum  of  the  Tangents  x  d,  and 
^v,  of  the  Arches  ^i  znddaxofv,  the  Difference  of  the  fame 
Tangents,  fo  isbp  the  Sine  of  the  Sum  of  the  Arches  ^i  and  db, 
to  mn  theSipe  of  the  Difference  of  the  fame  Arches  j  whence  it  fol- 
lows, that  in  any  Spherical  Triangle  as  £DC. 


'  Ccr.  X.  The  Sine  of  the  Sum  of  any  two  Sides  as  SD  and  DC, 
is  to  the  Sine  of  the  Difference  of  the  fame  two  Sides  BD  and 
DC,  as  the  Co-tangent  of  half  the  Vertical  or  contained  Angle  £>, 
to  the  Tangent  of  half  the  Diflcrence  of  the  Vertical  Angle  BDji, 
and  CDA,  made  by  a  Perpendicular  let  fall  from  the  Vertical  An- 
gle Z>,  upon  the  Side  BC  produced  if  need  be ;  or  fo  is  the  Co-tan- 
gcnt  of  the  Difference  of  the  Vertical  Angles  BDA  and  CDA^  to 
the  Tangent  of  half  the  Vertical  Angle  BDC 

For  (by  the  5 tACor,  of  the  6tb  preceding '&fi?.)  t^D  :  t,CD : :  c  s, 
CDA  s  cs,BDA,  therefore^  (by  the  iStkdnr.  ofPrcp.  the  15/i  of 
Pan  the  ift)  t,-BD+t,CD:  t,5D— t,CD  :  :  cs,CDA'\^cs,BDA 

Rcr  2  cs. 
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•  c  s,  CDA—c  s,  BDAf  but  by  the  6tb  preceding  Lemma,  t,  BD-^r 

t,CD  :  t,  BD-t,  CD :  :  S.  £D  Ci>  :  S.  BD—CD^  and  by  the  5**- 
preceding  Lemma,  c  s,<:DA+c  s,  BDJ ;  c  s,  CDA-^c  s,  JRD^  ;  !fgt, 

CZ>^  -t  JiDJ  ~9tyi<^  D  :  C  ty  k  CPA—BDA  :  t  C  t,  i  Ci^^.— 

BDA :  tACDA  \  BDA=t,  k<BDC  therefore  by  equaiity  of  Rm^ 

tio,  S.  ShCD'.  S.  BD^CD  ; ;  c  MCiD^i  +  BDA^c  t,<'BDC 

•  '»  4  CPA—BDA  : :  c  t,  f  CDA—BDA  :  t,  |  CDA-¥BDA=  t» 
f  <^BDC ;  that  is,  as  the  Sine  of  the  Sum  of  the  Sides  ££>,  and  CZ>, 
^c.  as  was  to  be  DenK>nftrated. 

a.  the  Tangent  of  half  the  Sum  of  the  Sides  ^D  and  JDC,  is  to 
t4ic  Tangent  of  half  the  Difiercnce  of  the  Sides  BD,  and  DC^  ^s 
the  Tangent  of  half  the  Sum  of  their  oppofices  Angles  S  and  Cj  ta 
the  Tangent  of  half  the  Difieceoce  of  the  fame  Angles  B  and  C. 

The  Co-tangent  of  half  the  Sura  of  the  Sides  j?D  and  DC>  is  to 
the  Co-tangent  of  half  the  Difference  of  the  Sides  BD  ati^DC,  as 
the  Tangent  of  half  the  Difiference  of  their  oppoHte  Angles  C  and 
D,  to  the  Tangent  of  half  the  Sum  of  the  fame  Angles  C  and  D. 

For  (bv  the  3</ preceding  Ax.)  the  S.  BD  :  S.CD:: S.<C  : S.<; 
By  therefore  (by  the  lith  Cor.  of  the  i$tb  Prop.  Part  the  ifi)  SJBD 
-hS.  CD :  S.  ££)— S.  CD : :  S.  <€+ S.  <  JB :  S-  <C~S.  <^b,  but 
(by  the  4r£r  preceding  Umma)  S.  BD^S.  CD  :  S.  BD—S.  CD  : :  t, 

f  JBD+CD  :  t,  f  JP~CZ>,  and  by  the  fame  Lemma,  S.  <C+S.< 

B  :  S.  <C— S.  <.B  ;  :  t>  K  C +<2?  :t,f<^C-^<g,  therefore  by  E- 

quality  of  Ratio^  as  t,f  ^D+CD:  t,f5Z>— CD: :  t,f  <LC+<-ii:  t,|< 

"C — <,l^^a«d  becaufe  the  Tangents  and  Co-tangents  of  Arches  are  nc-^ 

ctprpcaliy  proportional^c  t,  |ADTc5  :  c  t,  BD—CD  : :  t,  K  C— 

<Lif  :t,  |<C+<J5;  thatis,.  as  the  Tangent  of  hall  the  Sum  of 
the  Sides  BD  and  CD,  to  tt^a  &c*  as  was  to  be  Demonllrated. 

J.  The  Co^taagcnt  of  half  the  Vertifal  Aagle  D,  is  to  the  Tiri- 
gent  of  half  the  Sum  of  the  other  twoAjigles  at  the  Safe  B  and  C,  as 
UK  fw&^o(^\iit^  Diffeneoce  of  the  Angles  at  the  Bafe  B4,nd  C, 
to  theTangent  of  half  tbQ  Difierencc  pf  the  Angles  at  the  VertexSD^ 
a^CD'wjf  made  by  aPnepjeodtcuIarle^  fsifl/rom  tlie  Vertical  Angle  J> 
upon  the  BaTc  BC^  (produced  if  need  t>e):  t^or  by  the  ^dCor.  of  tbe 
6tb  preceding  Lemma)  the  S.BDJi^.CDjI:  :cs,<^.B:  cs><.C» 
therefore  (by  the  x8^*  Cor.  of  frt£f  ihe  i^^tb  Pan  the  sfi)  is  the 

S.  BDA 
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KDA+S*  COK  :  S.  BDA-S.  CDA :  j«i<  fl+c ^  <  C :  c  j, 
<.C —  c  s,  <B,  and  by  the  /^h  preceding  Lemma^  S.  BDA-fS. 

CDA :  S.  BD A— S.  CDA  : :  t,  BDA+CDA  ;  t,  BDA— CDA; 
tjoA  by  the yb preceding  Lemmas  thccs,  <^C +c s,<.B :.c s,  <C C 
~-cs,<C  B : :  ct,i<:;»B-i-C  :t,  f  <«  C—E  j  thetefbre  by  eqniJityof 
Ratio,thc  t,<sflDA+CDA :  t,<sBDA--CbA : :  c  r,  f<.sd^^. 
t,  :  I  <K>— B,  and  co^eqnqitjy  (by  the  i  uhCw.  of  Prop,  the  i  ;V/^ 
forrthe  I/?)  tj<fBDA+CDA  :  c  t,i<:»  BfC : :  c  t,<:^iSfc- 
CDA,  t,  i<i  C— B,  therefore,  becaafe  the  Tangents,  andcp-tan' 
geats  ofArchewttt  reciprocally  piropoftional,  c  t,<^SBXTCS3L=^' 
ct,<:D  :t^<:sB  +  C :  r  t, !«— B :  t,  <sBDA— dxT;  chat  2 
as  the  Co-taogent  of  half  the  Sum  of  the  Vertical  Angles,  to  the 
ttagoKy  &t.  as^as  to  be  dcmonfirated. 

PfopciiitipQ  IV.    Or  Axiom  IV. 

* 

fo  every  Obltque-af^d  Spherical  Triangle  it  will  bc^  . 

As  fix  Sitae  ofnalf  the  Sam  of  any  two  Sides, 
Is  to  the  Sine  of  half  their  Difference ; 
'  So  is  the  Co-tangent  of  half  the  contained  Angle," 
To  the  Tangent  of  half  the  Difference  of  the'oppofite  Aisles. 

«  And  ;^in^ 

Asthe  CicHJSne  ofh^f  theSutti  of  the  two  Sides^ 
To  the  Co-fine  of  bai£  their  Dkinttice ; 

S(»i8^C0-QUM|ent  (^balfthecontaxMidAti^,.    • 
To  the  Tangent  of  half  the  Sum  of  she  ofifqfiteAdglesr  .. 


That  is,  in  die-  ObUfpietai^Ied  Spherioai  Triadgle  BDC,  ic  win 

i.  As 


/ 


1 3  4  Spherical  Trigonometry^. 

. . «.  As  ^  n  A BD+DC  :  tfs;  |JBO-~DC :  :x  t,-  f  <SDC ;  t;  f  • 


For  having  let  fall  the  Perpendicular  DA  from  the  contained  An- 
gle, upon  iljcoppofitc  fidejtjwiin^  _ 

A?  S.  BD^DC  :  S.  BD— DC  : :  c  t,  f  <D :  t,  f^^DA— 
CDAfey  the  i/?.preceding  Cor,  and  t,  I.BD+DC:  t.f  BD— DC  :  r 
t;,  I  <CsC-t-B :  t,  f  <:C— B,  by  the  ai  precedir^  Cor,  and  t,  I  <!«. 
C4B :  t,  i-CsBDA-^CDA  :  :ct,  f  <:D  :  t,  i  <:sC— B,  by  the 
3<i  preceding  Cor.  multijrfying  therefore  the  Homologus  Terms  in 
each  Proportion  one  into  another,  we  (hall  hav&S.Bi>-hDCxt,  ^ 
BDlDCxt^50C+B  :  S.  BD— DCxt, i BD— DCxt,*<:«DA- 

^ ■  ■       ■  ■  ^^  MM 


CD  A  : :  cjcJ_<:Dxt,  ?  <C+Bxct,  i-<D  :  t,i<sBDA— CDA 
xt.  i-  <s  C— Bxt,  i  <:s  C— B  ;  and  dividit^  the  .1/7  and  ji 
Terms  by  t,  k  <*  C-V  B,  and  the  aiand  4th  Terms  by  t,^ 


B  DA—  CDA^  jw/e  fcitt  haye  S.  BD  +.DCxr, i  BD~DC  :  S.  BD- 


DCxt,  k  BD— DC : :  ctq,  |  <:D  :  tq,  ^<:»C— B,  and  by  dividing 

rflalfftin-by  a  wefliall  have  f  S.  BD  +  DCxt,  iBD-)-DC 
:  i  S.'tiD-DCxt>  fBl>— DC  : :  c  tq,  i  <D;  w,  i  ^''C— B,  but 


the  ift  and  ;'rf^ 


q,|  <:D  :  t",  T  <iC— B,  and  cojfcqucntly  by  Prqp.the  i$tb  of  Part 
the  tfl,  theKoots  of  thefe  T^'"*  wll  be  proportioaah  That  is, 

S.t  BD +DC  :  f  BDK^DCJ  : :  cr^<:D :  t,  i  <?G— B  ^  which. 

-was  one  part  to  be:d:enionftrated.         

Again,  *. 


As  S.  BD+DC :  S.  BD— DC  : :  c  t,  i  <: D ;  t,  I  <5  BDA— 
CD  A  by  the  ifl  preceding  Cor,  and  c  t,  f  BD  +  DC :  c  t,i  BD— DC 
: :  t.  i  O  C— 'B :  t,*<:sC-^Bby  the  a  J  preceding  Cor,  and  t,  f 
isisC— B :  t,i  <»  BDA— CDA : :  ct,*<:D :  t,  t<:sC+B,  by  the 
aij  preceding  Cor.  multiplying  therefore  theHomolc^sTermsin  each 
j»roportion  ope  into  anotbfa,  .we  ^all  have  S.  BD-t-tH  Cx  c  t,  f 
BPlfPCxt.i  <s  C-  B :  S.'BD— DCxct,  {  BD— DCx  t,  f  <5«' 
BDA-^cbA  :  t  c  ti ;  <:  Dxc  t,  i  <«  C— Bxc  t,-f  <:D  :.t, f 


BDA— CDAxt,  j  <•  C+Bxt,  ^  <•  C+B  j  and  diriding  the  ijt 

and 
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and  3/Tcnns  by  t,i<:C~-B,  and  the  2d  and  j\tb  Tcnfts  b»  tiTj<» 
BDA— CDA,  we  fliall  have  S.  BDtDCxct,  i  BD+DC  :  S.  BD 
— DCxc  t,  BD— DC : :  c  rt,  i  <:D :  t«l,  4  <•  B4-C,  atid  dividing 
the  iff  and  iJTcnns  by  1  we  fliall have> S. BD+DCx c tUBD 
H-DC :  i  S. BD—DCxc t,iBD~-DC : :  C  fl,  j^<D;W, i<:«B -t  C, 
but  by  the  lattcrpart  of  the  id  Lemmay  i  S.  BD-\-DCxct,j  SD  +• 
5c=c8q,  f  BD-fPC'-^  and  by  the  famel>»n»/i  i  S.fiZ)-- Z)Cx  cjr, ;. 
BD—DC—c s*?,  I  BD—DC,  whercftwe  by  Subftitation  cs^,tBD 
TDC:cs<l,iJ?Z?— DC::ct%T'<D:tq,i<:rB-fC,  and  con- 
fcqnently  by  Pr»f.  the  i  jrA  of  /"ar*  the  i/?,  their  Roots  wiU  be  pro- 
poiitioBal.    That  is,  «^  ■. 

As  c  s,  i  BD-¥DC :  c  s,iBP-'DC : :  c  t,  4  <  ij  .  t,  i  <»B  iC 
which  was  the  id  Ptfrt  to  be  demonftrated.    Wherctote, 

Asthe^^ineofhalftheSumofanytwoSides, 

Is  to  the  Sine  of  half  their  Difietence,  &c,  as  was  to  be  demooftrar 

ted.       •  ■  ^  '      ■    • 

Propoficion  V.     Or  Axiom  V. 

ill  every  OMiqae-aagled  Spherical  Triaagle  it  will  be. 
As  tfai  Sine  ot  halt  the  S»a>x>f  any  two  Angles, 

Tothe  Sine  ol  halt  their  Differ^cej  ^., 

SaistheTaogentofhalfthe  interjacent  Sides, 

To  the  Tangent  of  half  the  Difference  of  the  oppofitc  Sides. 

And  again, 

Asthe  Co-ifte  ohbaJf  th»  Sp«  ot  the  two  Angles, 
To  the  Co-fine  of  half  their  DiHcrenCe : 

So  isdie  Tangent  pfhalfthe  interjacent  Side, 
TotheTafteentbflialftheSumoftheqppofiteAnglcs.' 


For  by  the  i7«i  jir.  oSStSHou  the  3V/,  the  Sidfe  a  c  of  the  Tri- 
angle.i^c  Yfee  the  Fisute  in  P^^e  th^t  48/A^cgnftimted  between 
d^fbVe^eneafeVPolcs^Vc.  ofthe  Circles  I^eBC.  BD,  t,^ch 
fovB  the  «tohetical. Triangle  BDC)  is  ^ualto  the  Angle  B  of  the' 
given  TcimglcBDC,  and  the-Sid*  rf*  of  Hie  Tnanglf  daty  »  e- 
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qual  tsA  ihb'Atig^  C  dJF  ehi  imt  Ttiangle  BDG»  :a]£b  ^Iit  lAqgk  « 
<K  the  one  is  i^ual  to  the  Suppleaient  ot  the  Si4e  S^  ok  tije  other^ 
and  the  Angles  d  and  c  equal  to  the  Sides  DC  and  DB,  and  becaufe 
by  the  preceding  Axiom  the  S.J^  i  ^c  (in  the  Triangle  i/^Q  i^. 

— ^::iit,l  <:  <i  1 1,  J  <;«  f +-<i,  it  follows  ^hat  tbe.S.;!  <:«G-hB 
of.  the  Triangle  BPC  (equal  to  the  S.  i  ^fj^ia  the  triangle  due} 
fc  tto  S.  I  <^  C—B  (equal  to  the  &.  i  'da—ac)  \ ;  r,  f  BC  (equal  to 
tbc  Complement  of  theAngle^)  to  the  t,t  BD— DC  equal  to  the  t,  f 
^— i;  ani  again,  as  the  cs,  ;.<:r<?F^  lo  the  c  s,  t  <:»  C---B  fp 
is  the  t,  i  BC  to  the  t,  i  BD  IDC  i  wherefore,  a3  the  Sine  of  Jialf 
die  Sum  of  the  two  An^es,  to  the  Sine  of  ha^n  &€.  as  was  to  be 
demonftrated. 

Thefe  two  Axioms  9xi  applipabte  lo  the  SolutioUrfi^  the  j^b  and 
9^]^t^/r/?}^^lfli(^angIed!£phnriQ|il  !rrvingi<^^  for/ha^ 
the  Sum  and  Difference  of  the  f  wo  unknown  Angles  inCafitiic  nthi 
the  half  Sum  added  to  the  half  DHTereoce  will  give  the  greater  of  the 
unknown  AngFes,  but  the  half£>ifierence  takcftfrtm^  the  half  Sum 
will  leave  the  Icfler  of  the  two^  Angles, 

After  the  fathe  mamier/  fiaviiig  found  ihe  half  f|Hiki'yi<i  Jitlf'Aif. 
ference  of  the  two  nnknowfi  Sfdt^  iA  C^  the  9/A,  iho  hslf  JQifierfiice 
added  to  the  half  Sum  will  give  the  ^t«iterxif  ^  tw»  »*^Vrtryn 
Sides,  but  (ubftcadsed  ^ll  lea^e  the  kfier ;  as  is  abwdaady  itttti* 
feft  from  what  goes  before.  .         . 


Propofitioh  VL    Or  Axioiii  Vf- 


\ '.. 


I . 


In  every  Oblique-angled  Spherical  Triangle  it  will  be/ 

As  the  Tangent  of  half  the  Bafc, 
To  the  Tangent  of  half  the  Sum  of  the  other  two  Sidti'\     —    ' 

So  is  the  Tangent  of  half  the  DiffeiCBC^  of  the  two  -^idfijj 
To  the  Tangent  of  half  the  Difference  of  the  Segments  of  ilie  Bale^ 
made  by  a  Perpendicular  let  fall  from  the  At^e  oppofite  to  the  Btfe! 

Thatis,  in  the  Oblique-angled  Sjplietiad  Tnangle  BDC  it  wffl 
be,  '  '  ,^^_L_^ 

A«thciilBC;tiiiD75?r:;t.l^£5^ 

For, 


.  For  by  the  3 J  preceding  Cor.  cs.BD ic^DC  :  x  C  $,  BA :  c s, 
CA  (therefore  by  the  i8/A  Cor.  of  Prop,  the  j5/i&  P^rt  the  i^)  cs, 
£D  i  cs,  75C:  c  SyPD—c  s,DC  :  :  c  s,  /?.^-f  cs,  ^C  :  c  s,  5/i— c  s,* 
^C  ;  and  by  the  5 /A preceding  Lemma,  cs,BD-^cs,DC  :  cs,  i?D 
— c  s,  DC  :  :  c  t,  f  BD  +  JDC  :  t,  ?  £p~DC,  and  by  the  fame  I^w- 
fnOj^^cjyBA  Vcs.ACx  cs,  S^— c  s,  ^C  : :  c  t,  ^  BA^AC  :  t^ 
JSA—AC,  therefore  by  Equality  of  Ratio  c  t,  i  i?D  t  DC  :  t^  k  BD 
— I^C  :  ;  c  t,  f  BA  -  AC:  U  f  BA—AC;  and  by  Alternation,  c  r, 
f  i5D+jDC:ct,^5^i-^C:  :  t,  §  jBD— DC  :  t,  f  i5v4— ^C,  but 
becaufe  the  Tangents  and  Co-tangents  of  Arches  are  reciprocally 
proportional,  it  will  be  c  t,  |  BD  r  DC  :  ct,  |  BA-tACt  :  t,  f 
BAJ-AC  :  t,  7  gp  T  DC,  therefore  by  Equality  of  Ratio,  t,  {BA 
-^rAC  :  t,  I  -BD  ^PC : :  t,  f  BD—DC ;  t,  f  BA—AC,  and  becaufe 
gyj  4-^C=gC  it  will  be.  As  t,  |  £C  :  t,  I  BD-tDC  :  :  t,  ^  fiD^ 

DC:C,  I  BA'^-'AC  ;  that  is,  as  the  Tangent  of  the  Bafe,  to  the 
TaBgcnt  of  half,  i/c.  as  was  to  be  dcmonftrated- 

The  half  Diflfereoce  of  the  Segments  (thus  found)  added  to  the 
lialf  Sum  wiil  gire  the  greater  Segment,  for  ?  JS^  ^AC+^BA—AC 
zsziBA,  aDd  tte  half  Difference  taken  from  the  half  Sum  will  leave 
tlic  Icflcr  of  the  tW:0  Segments,  tor  k  BA-t  AC—^  BA — AC:=:AC. 

•But  if  the  Perpendicular  fall  without  the  Triangle  (as  will  always 
happm  when  the  Angles  at  the  Bafe  are  diffimilar,  that  is,  onc'Ob- 
tuib  aod  the  ^ther  Acute)  then  the  fourth  Tangent  found  by  the  for- 
mer Law,  will  be  greater  than  the  half  of  the  Bafe  SC;  and  there- 
fore  in  thi^  Cafiy  Ming  added  to  half  the  Bafe  .fiC,  will  give  the 
fiafe  BA  of  the  greater  Triangle  BDA^  but  the  Sum  leflfened  by  half 
the  Bafe  jffC  will  leave  the  fiafeOf  of  the  Supplemental  Triangle 
CDA^  as  will  be  Exemplified  at  large  in  the  next  SeBm. 

Propofition  VII.    Or  Axiom   VIL 


Iaev:ery  Oblique-amgled  Spherical  Triac^e^  the  Reftangle  0£ 
ProduQ  of  the  Sines  of  any  two  Sides :  is  to  the  Sqiiareof  the  Radi- 
us:  :  as  the  Di&rence  m  the  Verfed  Sfoes  of  die  Bafe  and  Diffe- 
ttnce  dF  the  tvo  Sides  -  to  the  Verfed  Stpc  of  the  At^ccontained.' 

S«€  L« 


ijS 
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Let  the  upper  Quadrant  BCq  of  the  Semicircle  t«?  J5  f ,  be  turned 
^bout  upon  its  Axis  Bamf  (the  Seftor  CDP  being  firft  ercficd  ob- 
liquely above  the  Plane  Bfv))  till  thcPointC  of  the  Semicircle,  coin-* 
cidc  with  the  Point  C  of  the  Scdor,  then  will  the  Arches  J?C,  C/>, 
and  DB^  form  an  Oblique-angled  Spherical  Triangle. 

Let  CBD  be  the  Angle  required,  then  will  CB  and  BD  be  the 
two  containing  Sides,  and  CD  the  Bafe  or  pppofite  Side,  and  becaufe 
i?  « is  equal  to  JBC,  o  D  will  be  equal  to  the  Difierence  of  the  two 
containing  Sides  BC  and  BD. 

From  q  draw  j  j  a  Perpendicular  tof  w,  then  will  j  tu  be  the  Ver- 
fed  Sine  of  the  Angle  CBD,  and  from  C  draw  Cz  a  Perpendicular 
to  /\D,  then  will  %  D  be  the  Vcrfcd  Sine  of  the  Bafe  or  oppofite 
Side  CD,  alfo  from  o  draw  oy  Perpendicular  to  jpD,  then  will  yD  be 
the  Verfed  Sine  of  the  Arch  o  D,  the  Difference  of  the  two  Sides^ 
and  confequcntly  z,y  the  Difierence  of  the  Verfed  Sines  of  the  Bafe 
and  Difierence  of  the  Sides,  laftly  from  C  let  fall  Cr  a  Perpendicu- 
lar to  em,  and  joyn  the  Points  x  and  r  by  the  Right-line  zr,  which 
will  be  perpeodjcular  to/D;  add  parallel  tooy,  and  it  will  he,  . 

As  Daxpt C :  Rq :  :y^:sw. 

For  beca^fe  the  Triangles  D  af^trnpyt  z.r,  and  tyo  zte  fimilar, 
it  will  jacDaiDf:  :  mfitPMty  it^ix  tx,:  $r:  it y — tz,  ; 
to-^tty  but f 7— * a:.=si7,  and#f— 'rr=r •;  wherefore,  Daz  D^p 
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Agaii>,  bccaufc  the  Triangles  C  «r  r  and  y/  /  are  (Jmilar  it  will  be ; 
Cmimr:  :  qp  :f  /,  but C  w=a  m,  and  y  f=v)p,  wherefore,  o iw 
z  mr  iiwp  If  s^  and confequently  o  w  :  o m— «r r  :  :  xu^  :  wf—p  j, 
that  is,  becaufe  o  m^-m  r^o  r,  wp^p  /==/  w,  as  C  m  (=«>  w)  :  o  r 
:  iwp  :ps i.oxzs€m: wp  : :  o r  :  lu x,  but  it  was  before  proved 
Da  I  D  p:  :  z,y  :or^  therefore  C  mxDa :  wpxDp  : :  orxz^y  :  s  wX 
r  ♦,  and  confequently  CmxDa  .  wpxDp  :  :  a:,  jr:  /xw;  but  Cw  is 
the  Sine  of  one  of  the  containing  Sides  CJ3,  and  Da  the  Sine  of  the 
other  containing  Side  BD  ;  alfo  vi  p  and  Dp  each  eoual  to  the  Ra- 
dius, wherefore  CmxD  a:R^:  :z0y:  sw,  that  is,  as  the  Redangle  oc 
ProdoA  of  the  Sines  of  any  two  containit^  Sides,  is  to  the  Squacc 
of  the  Radius,  &c.  as  was  to  be  demonftrated« 

Again, 

Cor.  1 .  Becaufe  by  the  preceding  Demonfttation  C mxD a:  R<i:: 
zy  I  s  w,  if  we  multiply  the  two  laftTcrms  by  ^R  or  half  the  Radfus^ 
we  (ball  have  0  mxD  aiRqz  :  zyx^  R :  s  xux|  R ;  that  is,  the  Reft- 
angle  or  Produ6t  of  the  Sines  of  any  two  containing  Sides,  is  to  the 
Square  of  the  Radius,  as  the  Redangle  or  Produft  of  half  the  Ra« 
dius,  multiplied  into  the  Difference  of  the  Verfed, Sines  of  the  Dif- 
ference of  the  two  Sides  and  Side  oppofite,  to  the  Redan|^e  or 
Produ&  of  half  the  Radius >  multiplied  into  the  Verfed  Sine  of  the 

contained  Angle.  ^  .    ,r   ^  t  a.    •    i. 

But  by  the  ^d  Lemma,  the  Difierence  of  me  Verfed  Smes  of  two 
Arches  multiplied  into  half  the  Radius,  is  equal  to  the  Sine  of  half 
the  Sum  ofti^ok  Arches  multiplied  into  the  Sine  of  half  their  Dif- 
ference.                     eDC+BC-BD    ^  DC-B&i-BD_ 
That  is,  %y^R^S. ^ xS f^ 

5  DCi^+BD_BDxS.2£:i^J^-Be 

Andhy  Lemma  the  i/i,  the  Verted  Sine  of  an  Arch  multiplied 
into  hall  the  Radius,  is  equal  to  the  Square  of  the  Sine  of  half  the 

^I!^  R^S^i  Angle  B,  wiwnffore,  As  S.  BCxS.  BD :  Rq :  :  S. 
nC-^BG4-BD     Bp  .>  DC±BGlBD_P^  ^  ^  ^^  ^  ^^ 

^,  ThcReftanglcotProdaft  of  theSines  of  aoy*  comaiqing  Sjde« 
is  to  theSqaatcof  the  Radius,  as  the  RcaanfleocProduaof  the 

'    S  s  s  a  *>inc8 


/ 


r4&  ^pBerkal  Trlgmotnttry. 

Sines  of  half  the  Sum  of  the  three  Sides,  Uflened  by  one  <rf  the  foo- 
taining  Sides  multiplied  into  the  Sine  of  half  the  Sum  leffeded  by  the 
other  containing  Side,  to  the  Square  of  the  Sine  of  half  the  coQ- 
tained  Angle. 
Put  z^EC-vBI>4DC  ^^^^^  s  BCxSiBD :  % : :  sT^^CxS;  Z^ 

Rtf  SqKB.      ■ 

D  tSq.f  <Bj  wherefore,  g.  bCxS-  BD=S.  Z^TbSxS.  2=1S> 
^^^^  ^.  B^8.  Bb  ^  ^-  ^-^-^S.  g^^=Sq  I  <B. 

^'■»  sl^^  STBD  *^  ^-  2— BCxS.  2— BD— Sq  f  <B. 

That  is,  becaufe  the  Difiereoce  between  the  Logarithmic  Radius 
and  the  Logacitbmk  Siosy  is  called  the  Arithmetical  Complement 
of  the  Sine. 

9.  To  the  Afithmetical  Complement  of  the  ^ioe  of  one  of  the 
containing  Sides, 

.   Add  the  Acithraetlcal  Complemeoc  of  the  Sine  of  the  other  con- 
taining Sidie* 

Alio  theSiheof  fiaOfthe  Siui  df  the  three  Sides,  leflened  by  one 
of  the  coQcaiiung  Sides^ 

And  the  Sine  pf  half  the  Sam  of  the  three  Sides  leflTened  by  the  o> 
thev  containing  Side, 

Half  the  the  Siim  of  jthcfe  four  Numbers  wSI  be  the  Sine  of  litSS 
the  coocajaed  Angle.  __«.  _ 

Again,  becaufe  the  &ne  of  BCxS.  BD :  Ry : ;  S.  2-^BCx8.  Z— 
BD :  Sq  ;  <  B,  the  &  BCk8:BDx».  t  <B=S.  a^-fiCxS.  2— Bl> 

^o      -.j^    r        ..    S.BCxS.BD)<Sqf  <B       .  ^  '  '    ■    .^ 
xSRf J  and confcquently  ^.^- — -  =  S.  2^BCx S. 

rPSSt,  (hat  is,  S-BC^^P  x^a^crS.  F=BCx8.  Z=m, 


wherefore,    g;; :  S.  Z~Bc ;  jS.  Z~BD:  ^   ■  ^'  °- 

,       .    SaCxlBD     _       _,Sqi<B      ^. 
aodputting 1[ =F,  and-^-- — __  q  j^^^  5,  p  .  g. 

2-BC::S.j:i^^tG.    That  is, 

4.  As  the  Rzcfios^ 
Ifo  the  Sioc  of  one  of  di^  concuaiog  Sides  ;  So 


8»  iB'tiie-Siaco£tfae  -other  ctfn&iaiog  Side,. 
To  a  fourth  Sine-  ' 

As  that  fourth  Sine; 
To  the  Sine  of  halt  the  Sum,oC:ch«,^««e  ^«ai  lefleaedhy  oii«  cfche 
containing  Sides ; 
So  is  the  Sine  of  the  half  Sum  leflened  by  the  other  9ontaining  Side^ 

To  a  feventh  Sineeqaal!  to  G. 

Bat  G=^  y^^^'  therefore  G'xRiSq  t  <  B  j  wherefore  if  ttf 

the  feventh  Siat  you  «dd>  ^e  Radius,  half  ttiar.  Sum.  Wti  betb&Sine 
of  half  the  contained  Anglic  ' 

Again,  becaufe  S.BCxS.  BD  :  Kg  t :  S.Z— BCx8^~-BD :  Sq  *<! 
B^heS.BCxS.BD :  S. Z— BC)4S.  Z—BO  ^  :  R«^  Sq  K  B,  and 

S.BCxSBP  ^  ^    ^^      „    Sqfi<B 
eooibquMdy,  '  o   t^Tbc*     ^■~™^'  *•  "^  •  "^^ —  ptittii^ 

,       S.  Bex&BP    _        .Sq  f<B      ^    .      iii^p    o 
therefore        2~^c"~    *  ft.       =^»  "  '"^  be  F :  S. 

Z— B»:  tR:<7;    ThatiBr  - 

^.  As  the  $infe  <^hal£thc  Sum  of  the  du0e:Sid«8  k^ttMufany 
one  of  the  Conaidiag  Sides,    . 
To  the  Sifie  ^  the  iaaRiCodcauut^Moe  I 

So  is  the  ^kMcS  «he  othcrcoBt^iDing  Sidff.    . 
To  a  fourth  Sine. 

.a9  nllS  lilUvvfl  uTiiivL "   ' 

To  the  Sine  ofc the  half  Stipi  Istffenodr  hy  the  efhct  containiog  Side }. 

To  a- feveoth  «nc  equal  to  G,  and  becaufe  GxR:;=SqKB,  if 
fo  the  iwMth  Sine  yofi  add;  tbe»  Radius,,  halUhat  $m^  &f. 


*  s.2^::^gxa2>-BP   „  sq><j.  ... 

<B,  the  S.  BB  :-= sTBC" '  %'    ^"""'S 

thcteforcj    -  ^       S.BO =^*  *''^  "^~-.=^  ^»  ''^ 

wiUbe,  S.BD:F::  R:G.    Thatis, 

<f   As  the  Sme  of  any  one  of  the  containing  aides. 
To  *  tbe  Sine  of  half  the  Sum  of  the  three  Sides  leflened  by  the  fame 
coocaining  Side ; 
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So  is  the  Sine  of  half  the  Sum  kflened  by  the  otfao:  omtaittiflg 
Side, 

To  a  fourth  Sine.    Then, 
As  the  Sine  of  the  other  contaioiiig  Sicfe^ 

To  the  fourth  Sine ; 
So  is  the  Radius, 

Toa  fevcnth  Sine  equal  to  G  ;  and  hccaule  GxR=Sq  |<  B, 
therefore  to  the  fe^enth  Siqe,  if  you  add  the  Radius,  half  that  Sum^ 

&c.        -'-■-: 

Again^  ptutting  V  for  the  Vofed  Sine  of  an  Arch, 

7.  Becaufc  S  BDxS.  BC :  Rj :  :  V,  DC~V,bC— bji ;  V,<B, 
by  the  jth  Axiom. 

The S.  BD:  jf^:  h  V,  DC— V,BC-BD  :  V,< B 5  that  is, 

bceaufe  .the  Square  of  the  Radius  divided  by  the  Right  Sine  is  equal 
to  the  Co-fccant  of  the  fame  Arch. 

The  S  BP :  c  st,BC :  :  V,  DC— V,BC— BD  :  V,  <B,  ^ 
And  becaufc  the  Diflcrence  ot  the  Co-fines  of  two  Arches  is  the 
fame  with  the  Diftcrcncc  of  the  Vcrfc;d  Sjncsofthe  fwie  Aretes. 
'  Tlie  9;  BD :^:  s^BG  iacs,  DC--<5  s,  BC-r^BD :  V,  <B.  ^ That 
is,  the  Sine  of  one  ot  the  containing  Sides  is  to  the  Co-$:caDt  0^  the 
other,  as  the  Difference  between  the  Go^fiiies  of  the  oppofite  Side 
and  Difierence  of  the<two  Sides,  to  the  Verfed  Sine  of  the  contain- 
ed Angle.  \,        ^ 

8,  But  if  in  the  room  of  BC  be  put  its  Cotoptemfint,'  thectthe^. 
BD:cs^BC::csD(?-^•cs,I^4BD^:^^^^  is,  the  Sine 
ofonc^of  tlie  containing  Sides  is  to  the  Co-fecant  of  the  other,  as 
the  DifteWKe  between  the  C6-fii^e  of  the  oppofite  Side,  and  the 

^Siijc  "ol^^oni  i>f  the  Sides  increaftd  bjf  thfe  Complaacttt  of  the  o- 
dhcr,  tb  the- Verfed  Sine  of  tKe  contamAl '  A  tigfe.. 

For.if  f  be  put  for  theCompfcmencoF  BC,  thenpo®— 6C-f  BD=: 
Complement  of  BC  f  BD,  and  putting  0  in  the  room  of  po^^-r-BC 
we  iball  have  ciBD  for  the  Complement  of  the  Co-fine,  that  is  for 
the  Sine.  ..:,:.. 


Prop. 
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Propofition  VIII.     Or  Axiom  VIII. 

In  every  Oblique-angled  Spherical  Triangle,  the  Refianglc  or 
Produ&  of  the  Sines  of  any  two  Sides,  is  to  the  Square  of  the  Ra- 
dius ,  as  the  Diflfcrcncc  of  the  Verfcd  Sines  of  the  Sum  of  the  two 
Sides  and  the  Bafe  or  Side  oppofitc,  to  the  Vcrfed  Sine  of  the  Sup- 
plement of  the  contained  Angle. 

See  the  Scheme  in  Page  the  i^BtL 

That  is,  fisDa  the  Sine  of  DB  multiplied  into  m  C  the  Sine  of 
BD,  is  to  the  Radius  fquared  ;foisz,n  the  Difference  of  the  Verfcd 
Sines  17  i  and  s:*  1/,  of  the  Sum  of  the  Sides  and  Side  oppoHte,  toy/ 
theVerfed  Sine  of  the  Supplement  of  the  Angle  B. 

For  bccaufe  the  Triangles  j  j/  and  C  r  w  are  fimilar,  it  will  be, 

AsntC  :  m  r  :  :pq:  q  s. 

Wherefore,  mC  'mC-^mr\*pq:pq'{fs.  But  w  C-twr^Cr, 
and  alfo pq-^f  s^q  j,  and  pq  equal  to  the  Radius. 

Wherefore,  zsmC  \Cr  x  :  R\  qs. 

That  is,  as  ntC\  R:  :Cr  :q  s. 

Reduce  the  Quadrant  Bfqto  the  fame  Plane  with  Sf  tu,  fo 
that  both  may  make  one  Plane,  and  draw  C  n  perpendicular  to  Dp 
produced^  then  will  D  n  be  the  Verfed  Sine  of  the  Arch  CD  equal 
to  the  Sum  oi  the  Sides  CB  and  BD^  and  z,  D  the  Verfed  Sine  of 
CD  the  Side  oppofite,  and  confequently  z  n  equal  to  the  Difference 
of  the  Verfed  Sines  of  the  Sum  of  the  Sides  and  Side  oppofite,  and 
becaufe  the  Triangles  Dap^  tzr^  and  tnC  are  fimilar,  ic  will  be 
Da  :  Dp  ::tz,itr::tn:tC::  t z^-^tn  :tr-[tC;  wherefore. 
Da:  Dp  I  :tz>^tni  ^r+^C,  but  /jc-V /»=«.»,  alforr+f  C=Cr, 
and  Dp  equal  to  the  Radius* 

Wherefore,  2tsD a  :  ft:  :  z^nzCr- 

But  it  was  before  proved,  zsmC  iR-  :Cr  :  q  s. 

Wherefore  D  axm  C :  RxR:  t  z^nxCr :  C  rxq  s ;  and  confequently 
D  axm  CiRqi  tz^n-qs,  which  was  to  be  Dcmonftrated. 
.  Car.  I.  Again  bccaqfe  by  the  precieding  HbeQr^m 

AsS.D  axm  C-  Rq-yz^rnqs^  if  we  multiply  the  two  laft  Terms 
by  iR  or  half  the  Radius,  it  will  be,  DaXmC  J  Rq  : ;  z,  nx\R  :qsx 
^Ri  that  is,  the  Redanglfe  oir  Ptoduaof  tbcSines  ot  any  two  contain- 
ing Sides,  is  to  tlie  Square  of  tht  Radius,  astheReftangleorPnoduft 
ofhalf  the  Radius  multiplied  into  the  Diflerence.olthe  Verfed  Sines 
of  theJSttm  of  the  Sides  and  Side  oppofite^  to  the  Redangle  or  Pro- 

du& 
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dud  of  half  the  Radius,  multiplied  into  xhp  VerfcdSme  oijihc  Sup- 
plement of  tlic  contained  Angle. 

But  by  Lemma  the  3  J,  the  Difierenjpc  of  the  Verfed  Sines  of  two 
Arches  mukiplicd  into  half -tbeir  Radios^  is etjualto-thc  Sineof'half 
tlKSiMn  of  thofe  Arches  multi^i^dintO'thc  Sine  of  f  their  Difference; 

.       ^BC+BD^DC    ^.  BC±BD—DC 

That  is  x.nXiR^'^^ "-r; xb.  ^""  "^» ;;'  '■*  "■' 

And  by  LeTuma  the  2  J,  the  Verjed  Sine  of  the  Supplement  of^n 

Archn}ukipliedinto  halfthe  Radius,  is  equal  to  the  Square  of  the 

Co-fine  of  half  that  Arch,  that  is,  y  xx^ii=csq,  k  <^B.    Wherefore, 

o  «r.    T.        o  BC4-BD±pC     ^BC±BD—DC 
S.  BCK$.BD  :  Rq  :  :h. ; X  S.  "    .  -no.     : 

csj,  i<-B-    That  is, 

1.  The'Rcdancleor  Proddd  ofr^e  Sines  ot^aoy  two  Sides^  is  to 
the  Square  of  the  Radius,  as  the  Reftangle  or  Prbducl  of  half  the 
Sum  of  the  two  Sides  andvSide  oppofite,  multiplied  into  half  the 
Difference  of  the  Sum  of  the  two  Sides  and  Side  oppofite,  to  the 
Square  of  the  Co-fine  of  half  the  contained  Angle. 

r  o  BC-^BD+DC      ^^     ^    BC±BD—DC  . 
Bat  becaufc S.  -^ ^"     ■-  ^DC==^  S. there- 

fo„,s.i!c.s.aD./t,==s.*e±f±ec^s.  5£±M±£c 

—DC:csqA<fi'    That  is, 

.  J.  Xhe  Re^ngle  or  Produaot  tljc  Sines >ofjipy  two  Si4«»,  is  to 
tbc  Square  of  the  Radius,  ^s  the  Redanglc  pc  ^«(4uft  of  ttie$ine 
of  half  the  Sum  of  the  three  Sides,  inuliiplied  if^o  the  Sine  Qf.h*lf 
the  Sum  of  rive  three  Sides  leOoipd  by  Mm  ^ide  c^tpo^te,  to  the 
Square  of  theTCo-finc  of  half  the  contained  Angle. 

BC±BD±DC     ...    .BC4-BD,^DC 
Put  Z  =    ^- «wi  X  =-"; f--^  r-JOC»  then 

S.\flCxS. 3D  :  Rq:  iS.  ZxS.  X :  csjT,  f  <.£}  wiietefore, 

575(^:525=  f%^*"  ^'  sH^JBb  ^S-  2>^S.  X  ^  cs^, 

«  ^^-  ^^<Oc  "*  05  ^  ^  ^'^^^  -^"^  s?»  *  <  ^-  That  is, 
Becoufe  che  I)i6S»«noe  betwecti'tfae  Logarkhmic  Radios  and  the 
I^atithmicSineof  aayAtch,  is  caQcd  the  Aciciun«tical  Comple- 
m«atof«he  fiifteofttoc  Aich. 

A*  To 
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4,  To  the  Arithmetical  Compkmcnt  of  the  Sine  of  one  of  the 
containiog  Sides, 

Add  the  Arithmetical  Complement  of  the  Sine  of  the  other  contain- 
ing Side  ; 

Alfo  the  Sine  of  half  the  Sam  ot  the  three  Sides, 
And  the  Sine  of  half  the  Sum  Icflencd  by  the  Side  oppofite, 

Half  the  Sum  of  thcfe  four  Sines  will  be  the  Co-fine  of  half  the 
contained  Angle« 

5.  Again,  becaufe  S.  BCxS.  BD.:  Rj  :  :  S,  ZxS.  X :  esq,  f  <B. 

TheS.lCxS.  BDxcsj,  k  <B—S.  2xS.  XxRj. 

,      .            ,    S.  BCxS.  BDxcs?,  f  <  B_e  7^  v 
And  confequently, r « — *  ^-  ^w.  A, 

^      .     S,  BCxS.  BD '  csf ,  i  <^  B    c  ^^^  v 
That  iSy  ^         X  ^ '  ^  .    =^t  A?<^-  ^> 

«,t.     c        S.  BCxS.  BD     ^.  ^^^  cs?,f<B/ 

Wherefore,  j^  :S-2:  t  S,Xt  ^    ^ 

,    ,              S.BCxS.BD     ^       ,  csjr,  f  <CB_o    ,v  ^;ii 
And  puttmg ^ — T  =F,  and  -^ ==  <5,  it  will 

be,  AsF:S.Z  :  :S.X:G.    That  isf 

As  the  Radius, 
To  the  Sine  of  one  of  the  containing  Sides ; 

So  is  the  Sine  of  the  other  containing  Side  ; 
To  a  fourth  Sine. 

As  the  fourth  Sine,  '         .   ' 

To  the  Sine*  of  half  the  Sum  of  the  three  Sides ; 

So  is  the  Sine  of  half  the  Sum  of  the  three  SideSi  leflened  by  the 
Side  oppofite. 
To  a  fcventh  Sine  equal  to  G. .    "    , 

But  becaufe  G  x=  *^^1        thetefpt^  GxR==csJ,  f  <B: 

Wherefore  if  to  this  fcventh  Sine  you  add  tho  RadiiiSi  half  that 
Sum  wffl  be  the  Co-fine  of  half  the  contained  Angle 

6.  Again,  beaufc  the  S.  BCxS.BD :  R? :  :  S.  ZxS.  X :  csf,.f 
<3  J  the  &  BCxS.  BD  :  S.  ZxS.  X  :  :  Rj :  osy,  f  <  B. 

And  confequently,  sTZ*^  R 

p„,  S.BCxS^BD^p^  ^a^^2^=G,  and  it  will  be,' 

As  F :  S.  X :  i  R  :  G.    That  is,  ^^ 
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As  the  Sine  of  half  the  Sam  of  the  three  Sides^ 
To  the  Sine  of  one  of  the  containing  Sides ; 

So  is  the  Sine  of  the  other  containing  Side, 
To  a  fourth  Sine. 

As  the  fourth  Sine, 
To  the  Sine  of  half  the  Sum  of  the  three  Sides,  leiTimed  by  the 

oppofite ;  * 

So  is  the  Radius, 
To  a  fcvcnth  Sine  equal  to  G,to  which  (becaufe  GxR=rcs^f  <BJf 
add  the  Radius,  and  half  that  Sum  will  be  the  Go-iine  onialf  the 
contained  Aogle. 

7.  Again,  becaufc  S.BCxS.PD:  S.  ZxSX:  :  Rj :  cs2,i<B^ 

u    S,  BCxS.  BD   o  51      D     gsf>*<B 

the  ,     ■     Q  ■  y  ■  ■     :  S.  2 :  :  R  t  ^^    jy 

Putttng  therefore      '*(  jt    *  =P*  ^^       V =  G, 

it  will  be,  F  :  S,  Zt  :  R :  G.    Tiat  i». 

As  the  Sine  of  half  the  Suni'of  the.  three  Sides,^  leflened  by.  the  Side 
oppofite. 
To  the  Sine  of  one  of  the  contaihii^;  Sides ;; 

So  is  the  Sine  of  the  o^m  cwittinwgSi4tt» 
To  a  fourth  Sine.  ^ 

As  the  fourth  Sine^. 
To  the  Sine  of  bali  the  Sum:  ofthe  tfirw:  Sides ;, 

So  is  the  Radius, 
To  ^  fcvtnth  Sine ;  t9  wbieb  a^4  the  Radius,,  baif  chat  Sum,.  &c^ 

8-  Again,  becaufe  S.  BCx&  BD :  S-  ZxS.  X  ::  n  Rf  ncs^^  i  <  B^ 

Then  S^BC  ?  F  ?  :  R :  G,   Tliat  ii^ 

Ttuwr  i»  putting  E^r  ^^^and  ^2i|^^  © 
it  wiU  he».  S.BD.: J'  r :  R :  G.    Tbacis  in  eitbei:  COr^ 
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As  the  Sine  of  i  ny  one  ot  the  containing  Sides 
To  the  Sine  of  the  half  Sum  ot  the  three  Sides; 

So  is  the  Sine  of  the  half  Sum ,  kflened  by  the  Side  oppoficei 
To  a  fourth  Sine. 

As  die  Sine  of  the  other  conuining  Side, 
To  the  fourth  Sine ; 

So  is  the  Radius, 
To  a  fevmth  Sine;  to  which  if  the  Rad(|i$  be  added  half  that  Sam, 

9.  Again,  becaufeby  Cor.  the  id  of  A^ckm  the  %tb^  S.  BDxS.  BC 
.  R^  :  :  S.  ZxS.  X :  C$f,  f  <,B ;  and  by  C^.  the  ii^ of  Ax.  the  ^tb^ 

The  S.  BDxS.  BC  .Rqn  S.  Z— BDxS.  Z^BCrSg  KB. 

ThcS.Z<S.  X:c5j,f  <:B:  :  8. 'Z^DxS. Z r-BC  ; Sq »< B^ 

And  confcquently  S.  ZxS.  X :  S-  Z— 51X6.  Z^BC  : :  csj,  f  <JB 
:Sqf<B. 

But  it  has  been  already  (hewn,  that  the  Co-fine  of  an  Arch  is  to 
the  Right-fine,. as  the  Radius,  to  cheTangent  ot  the  fame  Axeh » and 
confeqaently,  the  Squar&  of  the  Co-fine^  i$  to  (he  Square  of  the 
Right-fine,  as  the  Square  of  the  Radius,  to  the  Square  of  C^e  Tad^ 
gent*    Wherefore,  the  

S.  ZxS.  X :  S- Z— b1>xS  Z— 6c!: :  :Rj:ty,  f<B.     Thatis, 

The  Redaagle  or  Produd  oftheSinesof  half  the  dwn  of  the  three 
Sides  multiplira  into  the  Sine  of  half  the  Sum  of  the  three  Sides, 
leflened  by  the  Side  oppofite,  is  to  the  Redangie  m  Produd  olihTii 
the  Sum  of  the  three  Sides  lettened  by  Me  of  the  containing  Sides, 
multiplied  into  the  half  Sum  of  the  three  Sides,  leffened  [}y  the  o- 
ther  containing  Side,  as  the  Square  of  the  Radios^  to  the  Square  of 
the  Tangent  of  half^he  contained  Aagtot 

PutA=S;Z~BD,  andE=&  2— BC. 

TbenS.Z)(S.X  :  &  AxS.  £ : ;  Rf :  tf,  |.<II; 

Alfo,  ^ijr^jg xS.  Po^.^^t0  <Bf. 

Ot,^x§^>fS.Ax9.E=t^,f<B.    thatis, 

le  Atidsbecical  OfttptettienX  of  haff  the  Stiiti  of  the 

Ttt  2  AM 
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Add  the  Arithmetical  Complement  of  half  the  Sum  of  the  thrct 
Sides  leffened  by  the  Side  oppofite ;  alfa  the  Sine  of  half  the  Sum  of 
the  three  Sides  iefl'ened  by  one  ot  the  containing  Sides,  ^     • 

And  the  Sine  of  the  half  Sum  Iefl'ened  by  the  other  containing 

Side. 

Half  the  Sum  of  thefe  four  Numbers  will  be  the  Tangent  of  half 
the  contained  Angle.  v     -  1 

1 1    Again,  becaufc  S-  2xS.  X  :  Si  AxS.  E :  :  Rj  •.  ty,  2  <[  Bj 

The  S.  ZxS.  X  :  R?  :  :  S.  AxS.  E  ti?,f  <  B, 

,       S.  ZxS.  Xxxqyj  ^  B      ^    *     e  I? 

-    And  confequcntly,  — ^ j^j"' — S.  Axb.  H, 

.     S.Zx^.X    tV,7<CB_Q    .^«  P 
That  is,  — R —  X  — ^ s.  AxS.  E, 

.Wherefore jp    :  S.  A  :  :  S.  E  :  -^^-g — 

.    ,         :    S,  ZxS.  X      ^        ,ty,  f<B      ^ 
And  putting ^—  =F,  and  -^^-g^ —  ?=G- 

it  will  be,  F  :  S.  A^  :  S.  E  :  G.    That  Is, 

As  the  Radius, 
To  the  Sine  of  the  half  Sum  of  the  three  Sides; 

5o  is  the  Sine  of  the  half  Sum,  leflened  by  the  Side  oppofite. 
To  a  fourth  Sine- 

As  the  fourth  Sine, 
To  the  Sine  of  the  half  Sum  leflfenedby  one  of  the  containing  Sides ; 

So  is  the  Side  of  half  the  Sam  leflened  by  the  other  contaioing 
Side, 

To  a  feventh  Sine;  to  which  if  the  Radius  be  added,  half  that  Sum 
will  be  the  Tan  gent  of  half  the  contained  Angle. 

11.  Again,  becaufe  the  Tangent  of  an  Arch  is  to  the  Radius,  as 
the  Radius  to  the  Co-tangcnt  of  the  fame  Ardi,  it  follows  from  the 
^fb  preceding  Cor. 

That  S.  Z— BDxS.  Z— BC :  S.ZxSj: : :  Ry :  c  ty,f  <B.  That  is. 

The  Reftangle  or  Produft  of  the  Siacs  of  half  the  Sum  of  the  three 
Sides  leffencd  by  one  of  the  containing  Sides,  multiplied  into  the 
half  Sum  of  the  Sides  leflened  by  the  other  containing  Side^s  ta  the 
Reaangle  or  Produft'of  the  Sine  of  half  the  Sum  of  the  Sides,  mul- 
tijAied  into  the  Sine  of  the  half  S^m  leflened  by  the  Side  oppofite  :; 
as  the  Square  of  the  Radius,  to  the  Square  of  the  CcK^ngent-of 
halfthc  contained  Angle.  ,  -jh^^ 
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That  is,  patting  Z— 11D=A,  and2'^^^^=E, 

S.  AxS.  E::S^xS.X:  :  Rf  :ctj,  a  <.B; 

•         Rar     ■-Cty,f<B 
Whence,   s.  Axi».  E     S.zkX 

R       R 

And  confcqucntly,  ^  ><  §--g  xS.  ZxS.  JIT-c  tgr,  f  <B.  That  is, 

13.  To  the  Arithmetical  Complement  of  the  Sine  of  half  the  Sum 
of  the  three  Sides  kflsned  by  one  of  the  containing  Sides, 

Add  the  Arithmetical  Complement  oftheSineof  half  the  £um 

leffened  by  the  other  containing  Side; 
Alfothe  Sine  of  half  the  Sum  of  the  three  Sides 
And  the  Sine  of  the  half  SumLlefTened  by  the  Side  oppofite. 
Halt  the  Sum  of  thefe  four  Numbers  will  be  the  Co « tangent  of 

half  the  contained  Angle. 

14 .  Again  becaufe  S.  AxS.  £ :  S.  ZxS.  X :  :  Rf :  c  tjf ,  I  ^fi. 
The  S.  AxS.  E  :  R j : :  S.  ZxS.  X :  c  ty ,  f  <;B ; 

a    1       ^  .      S.  A  xS.  Excty,  ?  ■  B    o  *.  /%  V 

And  confeqaentiyj  ;       r^  =S.  Zx%  X. 

And  • — «        y^         |.         *"  S.  ZxS*  X, 

n     .         t       r      S.AxS.  E  j"qsi<B_.^ 

Patting  therefore  — vT^^^y  ^^^  "^bl ^ 

itwiUbc,  F:S,Z;:&X:  G.     That  is; 

As  the  Radios, 
To  the  Sine  of  half  the  Sum  of  the  threeSides  leffened  by  one  of  the 
containing  Sides ; 

So  is  theSineof  half  the  Sum  leffened  by  the  other  containing  Side;, 
To  a  fourth  Sine.  ^    ,  • 

As  the  fourth  Sine, 
To  the  Sine  of  half  the  Sum  oi  the  three  Sides  ; 

So  is  the  Sine  of  the  half  Sum  leffened  by  the  Side  oppo/itc. 
To  a  feventh  Sine  ;  to  which  if  the  Radius  be  added,  half  that  Sum 
will  be  the  Co-tangent.ofc  half  the  contained  Angle. 

Again,  by  inverting,  changing,  dividing,  &c.  the  Terms  of  the 
twolaft  C9r*feycral  oth«c  .Methods  n^iy  be  found. 

J  J.  Put 
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15.  Put P^UC+fi/i,  0-SC—SD,^nd  V^  Vcrfcd  SiBC, 
Then  S.  BDxS.  J5C :  Kq  :  :  VP—VDC  :  V  Sup.  <  B  by  the  8^A  Ax. 
And  S.  BZ)xS.  £C  :  R<\  :  :  VDC—PV  :V<:S,by  the  7/A  -4x. 
Therefore,  W—F£>C  :  VDC-VO  :  jf^Sup.^fl  :  K<JJ  ; 
And  confcqucntly  VP—VDC-k-VDC—VO  :  VDC-'VO  :  :  J^  Sup. 
<B  +  /^C.£:r<5.    That  is, 

//P— f^O  :  VDC—VO  :  iiR:  V<:  B  ;  for  the  Verfed  Sine  of 
ati  Arch  together  with  the  Verfed  Sine  ol:  its  Suppknaent,  i^  equal  to 
the  double  Radius  or  whole  Diameter. 

Therefore,  VP—VO  :  2  R  :  :  VDC—^'O  :r<B.     That  is. 

As  the  Verfed  Sine  of  the  Sum  of  any  two  Sides,  leflencd  by  the 
Ver(ed  Sine  of  their  Difference,  is  to  twice  the  Radius;  fo  is  the 
Verfed  Sine  of  tl^e  oppoGtc  Side  leffened  by  the  Verfed  Sine  of  the 
Differeote  of  the  Sides,  to  the  Verfed  Sine  of  the  contained  Angle. 

Again^ 

t6.  VP— VDC+VDC- VO  :  VP-VDC :  :  V  Sup.  <B-^ 
V,<.B:VSup.<B.    That  is, 

VV—VO:  VP^VDC  :   :  2  R  :  V  Sup.  <B- 

Or  VP— VO  :  1  R :  :  VP-VDC .  V  Sop:  <C  B.    Thatis, 

As  the  Verfed  Sine  of  the  Stmi  of  afiy  two  SlU^  MksuU  by  the 
Verfed  Sine  of  their  Difierence,  is  to  twice  the  Radius  ,•  (o  is  the 
Verfed  £i  le  of  the  Sum  of  the  two  Sides,  iciJened  by  the  Verfed  Sine 
of  the  Side  oppofite,  to  the  Verfed  Sine  of  the  Supplement  of  the 
contained  Angle, 

17.  Again,  becaufe  the  Radius  Teffened  by  the  Vcrftd  Sine,  i$  c- 
qual  to  the  Co-fine  of  the  feme  Arch,  icfoUoM^s  &om  the  15/^  Car. 

That c  s,  P— cs,  O  :  2  R : :  c  s,  DC— cs,0  :  c$>  <:B.  Thatis, 

The  Ditfereoce  of  the  Co-fines  of  the  Sb«  and  the  Difierence  of 
any  two  containing  Sides,  is  tocwice  theRadius ;  as  theDiflferenoe  c£ 
the  Co*fii^s-  of  the  opposite  Side  and  the  DifaSereiice  of  the  two 
Sides,  to  the  Co-fine  ot  the  containing  Angte.    Qv^ 

^3CS,P-cs,0  ^R,  .c$,DO-cs,0:cs,<:B.    Thatis, 

Half  the  Difierence  of  the  Coynes  of  the  Sum  and  theDifirence 
of  any  two  centaining  Sides,  is  to  the  Radius ;  as  the  Difieceoce 
of  the  Co-fines  of  the  oppdhe  Skle,  and  the  Dt£Snrence  of  the  two 
Sides,  to  the  Co-fine  of  the  coataiftcd  Afigk. 

19.  From  the  i6fk  C#r.  it  follows,  c  ^P--cs, O  :  a  R :  :  c  a,  P 
s, DC : c s, Sup.  cnR    Thatis, 

The 
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The  Difierence  of  the  Co-fiii€s  of  the  Sum,  and  tliclDi^eroice  of 
any  two  containing  Sides,  is  to  twice  the  Radius )  as  the  JXtSneaca. 
of  the  Co-fines  of  the  Sum  of  the  two  Sides  ^nd  Side  OppoiSte.  to 
tbe  Co-fine  of  the  Supplement  of  the  contained  Angle. 

Or, 
c  s,  P — c  s,  O   _  _         _- _ 

ao. 1 :  R : :  c  s,  P— c  s,  DC  ;  c  s,Sup.<B.  That  is. 

Half  the  Diflfetcnce  of  the  Co-fioes  of  the  Sum  and  thcDifiertnoe 
of  any  two  containing  Sides,  is  to  the  Radius  |  as  the  Difference  t^ 
the  Co-fines  of  the  Sum  of  the  two  Sides  and  the  Side  oppofite,  to 
the  Co-fine  of  the  Supplement  of  tbe  contained  Angle. 

%  Compating,  Compounding,  <l7'f.  the  Terms  of  the  feveral  Ana- 
levies,  a  great  variety  of  Rules  may  be  ioveftigaicd  j  but  thefe  that 
are  here  deduced,  are  more  than  fuffident  for  the  pttfent  Pdrpofe. 

Propofition  IX.    Or  Axiom  IX. 

In  every (Obliquc-ai^ed  Spherical  Triange,  (taking  the  Sup- 
plements of  each  of  the  Obtufc  Angles,  inftcad  of  the  Angles  them- 

fclves)  it  will  be,        _     ,- ^   .  .    ,,•      ^  j- 

As  the  Redanglc  or  Produft  of  the  Smcs  of  any  two  adjacent  An- 
cles is  to  the  Square  of  the  Radios :  :  fo  is  the  Reftangle  or  Pro- 
duaofthe  Sines  of  half  the  Sum  of  the  three  Angles,  Icfleacd  by 
one  ot  the  adjacent  Angles,  maltipfed  into  the  halfSom  of  the  three 
Anelesi  k(I«n<d-by  the  oiibcr  acijacent  Angle;  to  the  Square  of  the 
Sine  of  half  the  interjacent  Side,  if  the  Angle  opjpofite  be  Aoote,  but 
to  die  Scwaie  of  the  Co-finc  if  the  Angle  oppofitc  be  Obtufe. 

That  is,  putting  Z= ^ :  »f  the  Angle  D  be 

»     -  -  •         » 

Tke6iip.<I>K&<Cr  Rg: i  S.  Z-r-Sup.  <:  DxS.  Z^ <  C :  %, 

I  CD. 

Becaiife  the  Qtjaatity  of  each  Ande,of  a  %herical  Triangle,  » 
meafored  by  an  Arch  of  a  Great' GTrde  defcri^d  abottt  the  angdlar 
JtetBt  as  a  Pole^  ^iaCttoptcd.  be«wicen  the  Sides  whichionn  tbe 
Aat^  tad  is  tbeiefore  equal  co  the  Arch  o{  the  fame  Great  Circle^ 
(|£kmi  bccweaa  the  Poles  of  the  two  Gritac  Cfrdes  which  fona 


tbe  Aaele^  A  foUews  i  a>faJ»  te  flj>ewn  in  Art.  the  ipk  cfStehm 
S s^StdTside  *^orthe  Tr^angfc  dac  (fee  thfc i^ott »» fi^ 


l^x  ,     spherical  Trigommetry. 

the  dSth)  conftitutcd  between  the  three  nearer  Poles'  d,  'a^  c,  of 
the  Arches X>.C  ,BCjBD^  which  form  the  Spherical  Triangle  ADC, 
is  equal  to  the  Angle  C  of  the  Triangle  BDC ;  alfo  the  Side  a  c  of 
the  Triangle  4a  Cy  is  equal  to.the  Angle  B  of  the  Triangle  BDCj 
the  Side  dcoi  tue  one,  equal  to  the  Supplement  of  the  Angle  D  of 
the  other,  and  the  Angle  d  ot  the  Triangle .  i  ^  Cj^is  equal  to  the 
Side  DC  of  the  Triangle  BDC  i  and  bccaufe  by  Ax.  the  7/A,  in  the  j 
Triangle  rf /J  c 

Putting  Z  ^^ll^ii^l  the  S.  ^^xS.  adiViqii  S.T^cx^^ 

Had  : Sq  2  <I d  it  follows,  that ^ 

The  S.  ^up.  <:i?xS.  <CC  (=S,  d  cxS.  ad):Rq::  S.Z— Sup.<i) 
xS.  Z— <^C— S.Z— dcxH^— ad:  Sq  ^  CD  (=^Sq  I <C j)  whetcForc, 

S  Sup.  <:DxS.  <^C:Rq''.  S.  Z— Sup.  <!  DxS.  2—  <  C  :  Sq 
f  CD  ;  which  was  to  be  demonftratcd. 

If  the  Angle  J5  oppofite  to  the  interjacent  Side  CD  had  been  Ob- 
tufc,  rhen  the  Side  a  cot  the  Triangle  dacy  had  been^equal  to  the 
Supplemenc  of  the  Angle  J5,  and  confequently  the  Angle  oppofite 
to  the  Side  a  c  had  been  Obtufe  and  equarto'^the  Supplement  of  the 
Sjde  DC;  and  confequently  half  the  Square  of  the  Co -fine  of  the 
Angley  had  been  equal  to  the  SideCZ)^  that  is,  it  would  have  been 
to  the  C5jf,  iCD. 

i*  Again,  becaufe  by  the  ^dC^r,  of  the  jth  Axiom^ 

The  A-  X  c^jxS.  Z^cxS.  Z:^=Ii=Sq  |  <rf  it  follows, 

That  the  ^-^^  -s— C  -  S-  ^-^"P-  <^^^-  ^-^= 
^"^tT^^h^k^^^^^  Complement  of  the  Sine  of  one  of  the  ad- 
**Add^h1^&thmctcal  Complement  of  the  Sine  of  the  otfaet  adja. 
*^  AlftTfhc  Sineof  half  the  Sumof  the  three  Angles  lelfencd  by  one 

•^And  aS  oftSthe  Sm  leflened  by  the  other  adja^tAngle, 
Half  the  Sum  of  thefe  four  Sines  wfll  be  the  Sine  of  half  the  mtet- 
iacent  5ide  it  the  Angle  oppofite  be  Acute,  but  if  the  opp<^te  An- 
•  sJe  be  Obtufe,  it  wiU  be  the  Co-fine  of  half  the  mter.acent  Side, 


spherical  Trigonometry.  i  y  ^ 

4*  Again,  becaofe  by  the  ^th  Or.  of  the  Jtk  Axkm^ 


The    s :  S.Z — dc  :  :  S.  Z — tf  4  : rr —  it  folio 


iws. 


That  the  ^ — ^ :  S.  Z— Sup.</? : :  S.  Z-'-<.Ci 

Sqf  JPC 
R 

And  putting         ' — ^ —/r^  and   ^|^  ■  =;^ 


it  will  be,  a  F :  8.2— Sup.  <  /> ;  :  S.Z— <C  :  j2.     Thatis, 

As  the  lUdius. 
To  the  Sine  oif  one  adjacent  Angle» 

So  is  the  Sine  of  the  other  adjacent  Angle, 
To  a  fourth  Sine. 

As  the  fourth  Sine, 
To  the  Sine  of  half  the  Sum  of  the  three  Angles,  leiTened  by  one  of 

the  adjacent  Angles ; 

So  is  the  Sine  of  the  half  Sum  leiTened  by  the  other  adjacent  An^, 
To  eleventh  Sine  ;  to  which  if  you  add  the  Radius,  half  that  Sum 
will  be  the  Co-fine  of  half  the  interjacent  Side  if  the  Angle  oppoiite 
he  Acote,  but  the  Co-fine  of  halt  the  inteijacent  Side  if  die  Angle 
oppoiite  beObtnie,  dTc 

Propofition  X.    Or  A-xiom   X. 

In  every  Oblique-angled  Spherical  Triangle,  if  inftcad  of  the  Ob- 
tufe  Angles  you  make  u(e  of  their  Supplements  it  will  be. 

As  the  Rectangle  or  Produft  of  the  Sines  of  any  two  adjacent  An- 
gles, is  to  the  Square  of  the  Radius ;  fo  is  the  Redangle  or  Pro* 
da&  of  the  Sines  of  half  the  Sum  of  the  three  Angles,  multiplied  into 
the  Sine  of  half  the  Sum  of  the  three  Angles,  leifened  by  the  third  oc 
oppofite  Angle,  to  the  Square  of  the  Co-iine  of  halt  the  interjacent 
Side  if  the  Angle  oppofite  be  Acute,  but  to  the  Sine  of  half  the  in- 
terjacent Side  if  the  Angle  oppofite  be  Obtufe.    Wherefore, 

a.  To  the  Arithmetical  Complement  of  the  Sine  of  one  of  the  ad* 
Jaccnt  Angles, 

Add  the  Arithmetical  Complement  of  the  Sine  of  the  other  adja- 
«t  Atiglc,  U  u «  Alfo 


1 5^,  Spherical  Trigonometry. 

Alfothc  Sine  of  half  the  Sam  of  the  three  Angles, 

And  thcSinc  of  the  half  Sum  Icflcned  by  the  third  or  Angle  oppofite. 

Half  the  Sum  of  thcfe  four  Sines,  will  be  the  Co-fine  of  half  the 
inten'acent  Side  if  the  Angle  oppofite  be  Acute,  but  the  Sine  of  half 
the  interjacent  Side  if  the  Angle  oppofite  be  Obtufe.    Or, 

3.  As  the  Radius, 
To  theSine  of  one  of  the  adjacent  Angles  ; 

So  is  the  Sine  of  the  other  adjacent  Angle, 
To  a  fourth  Sine. 

As  the  fourth  Sine, 
To  the  Sine  of  half  the  Sum  of  the  three  Angles ; 

So  is  the  Sine  of  the  half  Sum  leflTened  by  the  oppofite  Angle, 
To  a  fcventh  Sine ;  to  which  if  the  Radius  be  added,  half  that  Sum 
will  be  the  Co-fine  of  half  the  interjacent  Side  if  the  Angle  oppofite 
be  Acute,  but  the  Sine  of  half  the  interjacent  Side  if  the  Angle  <^ 

pofite  be  Obtufe. 

The  Dcmonftration  of  this  Axiom  and  its  Confequential  Rules, 
depends  intirely  upon  the  %th  Axiom  and  ijthArt.  ot  SeBion  the  31/,  as 
the  former  did  upon  the  jtb  Axiom  and  the  i  jtb  Art.  and  is  per- 
formed aft^r  the  fame  manner;  and confequently  by  the  fame  lytb 
An.  ofSeOion  the  jrf,  it  follows.    That 

Whatfoeverlinux  have  been  laid  down  and  demonftrated,for  findit^ 
of  an  Angle  where  the  three  Sides  are  ^ven,  will  hold  good  for 
finding  a  Side  when  the  threeAngles  are  given  mutatis  mutandis,  pro- 
vided that  if  one  or  more  of  the  given  Angles  be  Obtufe,  you  make 
ufe  of  their  Supplehients  inflead  of  the  Angles  themfelves,  and  then 
if  the  Side  required  be  oppofite  to  an  Obtufe  Angle,  the  Quantity 
produced  will  be  the  Supplemeht  of  the  Side  required ;  as  will  more 
evidently' appear  in  the  Application  of  thefe  Rules  to  Pradice. 


\ 


Sea, 


/ 


spherical  Trigonometry, 


UJ 


Seaion  VII. 

Containing  the  aflual  Solution  of  the  Twelve  Cafes  of 
Oblique-angled  Spherical  Triangles. 


Cafe 


I. 


Given  two  Sides  and  an  Ao^e  oppofice  to  am  of  them,  to  find 
the  other  oppofite  Angle. 

Exan^k 
lo  the  Oblique-angled  Spherical  Triangle  DCJ3 


<   (/ 


« BC  =40.00.10 

Are  given,  <<5=4J.ij.i3j 

«CD=5o.io.3o 


req.  KJD. 


The  Stere^afbkal  Aluttom. 

I.  Having  drawn  the  Primitive 
Circle  jKEG,  the  Diameter  AE, 
and  at  Right-ai^les  to  it  CG,  fet 
off  the  Choid  of  40*  00'  10"  the 
Length  of  CD  ftom  C  to  £,  and 
draw  the  Diameter  BN,  and  at 
R^ht-angles  to  it  Pit 

1.  Thro'  tlie  Point  B  dtawtjie 
Great  Circle  BDN,  forming  an 
As^DBCoi^i"  15'  13"  i  with 
die  Primitive  Circle,  (by  Cay^the 
3  J  of  Prot'  the  9tbt  Se£i,  the  ^d. 

3.  About  the  Point  C  as  a  Pole  defcribe  the  Pawllel  Sm  of  50* 
10' 30",  equal  to  the  Length  of  the  Side  CD,  by  Cafe  thp  ai  oi  /Vo*. 

the ^by Se£l,^e  id.  ..  TiirA* 

^  *   .  U  0  u  a  ^  TWO 


,>  r  ^  Spherical  Tri^mmetiy, 

A,  Thro'  the  fctcrfc^ioo  D  of  the  PataUa  Sm,  with  the  Great 
Cttcte  BDNitad  the  Poinc  C,  <lraw  the  Great  Circle  CDG  by  Pttr. 
btem  the  i^ of  Se^'ou  the  a</,  and  the  thing  is  done j  and  thcAnglc 
at  D  may  be  mcafurcd  by  C«/e  the  id  oS Problem  the  xoiA,  oiStBiou 
the  2</  but  to  find  its  Quantity  by  Calculation, 
•  Bccaufe  by  Ax.  the  id  oi  SeB-  6th,  the  Sines  of  the  Sides  are  dir 
reaiy  proportional  to  the  Sines  of  their  oppofite  Angles,  it  will  be 
K%S.DC'.%.BC::S.<B'.  S.x<Z>.    That is» 

Asthe  Sine  of  the  Side £)C=jo''  lo'  j^" ^-8853535 

To  the  Sine  of  the  Side  BC=^ooo.io — ■_ 9.80809*6 

Soi»theSiiic©(FtkcAngteat5=4a.i5.n  ^— —-9.8 » 7^3 70 

To  the  Sineofthe  Angle  at  Z)=:34. 15.02  I '■ 9,7^0^661 

Which  bccanfc  ^Perpendicular  let  bil  from  the  end  of  the  given 
Side  CJB,  adjacent  to  the  given  Angle  5,  falU  within  the  Triangle, 
is  firailar  to  the  given  Angle  J5,  aiuLcDnfequently  Acute. 

Cafe  !•     _ 

Example  2. 

IFinftead  of  the  Side  BC  the  Side  BD  be  gk^tu  that. is  if  the  Side 
Qppofite  to  the  given  Angle  be  the  k0er  of  xk^  twi^  given  Sttdes^ 
then  the  Cafe  is  doubthil,  and  the  tcquifcsd  Ai^g  wUj  b^  cithcir  A- 
cute  or  Obtufe ;  as  is  manifeft  from  tfae  foilowing- jEx4«i»f/i?. 

Suppofe  in  the  Oblique-angled  Spbecical  Triangle  DCB 


II 


CDC=  50.10.30  p 
there  wcre^iven<<  5«=4^i1t.i3i  r^^  ^^      -  • 

T 

The  Slere^rapiic  SUutiom- 

1.  Having  drawn  the  Primitive  Circle  ^£<?^  riie  Diame^r JBiV 
aBd.ar,  Righv^^l^  toJt  FHy  thro'  the  Point  ,B  dravr  the  Great 
Cltcle  it>Ny  tojrmm^,  tl);e  Angle  CBD  of  42^6%.  f^  mm.  1%  fee.  \ 
With  the  ftimirive  Circle  CBE,  (by  Cnje  the  3^  ofVrtMm  the  prA; 
^rtjttheai.) 

2*  Lay 


'jk^ 


a.  Lay  off  76*  35'  36"  the  length  of  5D  from  £toD(hy 
thcidotProbkm  the  6/£,  oi SiH^mtllM  td.) 

J.  About  the  foiof  Z?.as  4  Pple, 
defcribc  the  ParaM  Ccby  Ca/e 
the  3i/  oi  Problem  the  ^^/r^  &^'oii 
die  %d. 

4,  Thro*  the  Point  D  and  the 
Inrerfedion  c  C,  of  thc.p^talUl  laft 
drav7n>.  with  the  Primitive  Circio 
draw  the  Great  Circles  CDG^ 
CD  Ky  and  the  thing  is  done  4  and 
the  AAgle  C  may  be  meafured  ^ 
by  Cajk  the  2d  ofProUem  the  lotk,  . 
SeBioii  the  aJ.  . . 

From  the  Con^ruUim  it  is  evident  that  the  Cc^e  is  doubtful,  foe 
the  ParaUcJ  C  c  cuts  the  Periphery  in  the  Points  C  and  c  on  the 
fame  Side  of  the  Angtp  B,  fo  that  in  the  two  Triaogies  CBt)^ 
c  BD^  the  Side  £D  and  the  Angle  B  is  common  to  both  the  Tri- 
angles, and  the  Side  DC  of  the  Triangl  e£>ifC,  is  equal  to  the  Side 
D  c  of  die  ^angte  BDc,biit  4ie  required  Angle  BcD  of  the  Tri- 
aqg?c  BcD  (|qo»r  to  the  Angle  c  CD  of  the  Triangle  c  CD^  becaufe 
the  Sides  e  if  and  CD  are  equal)  is  equal  to  the  Supfriement  of  the 
Am\t  BCD  of  the  TriaittiefCD,  and  to  find  each  hyC^culqtm,  it 
will  be  by^;iw»  die  ^ 

AJs*8.Z?e^6;«jQ:  5S.s::«:&<C*    That 
the SfBCofthe Side JDC=r5o^i€>'3o'^—.  ■>  ^-8853^3^ 


yoAeSine^offheSjde  .aD::g;7<^>3.5.3i? 'J  jun  -.Vh  ui»j  ^9.9880607 
So  is  the  Sine  of  the  Angle  at  £^=42.1  s^.  13  i  .j  i  u.M,.^^iayg39i0 


TotheSihe  oftllfe  Angle Dgg— 58:2340^        /,        .'^.930^742 


t  / 


i««< 


Equal  toTJie  Angle  DC  f,  whofc  Su^plenient.to  9  Semici|:cle  la^ 
<ikg,j<j  nrin/«>1te;isre^art6  theAnjglc^  ;     '  " 


.4^.  J  «  •-  *'  w*« 


•-  :,fi: 


-J" 


A. 


Gi^en  two  Angfes  and  a  Side  oppodte  to  one  of  tbea^  to  finj 
she  ^cber  oppo&e  Angle.  Exan^f^ 


tjg 


S^herkd  Tri^pmmetfy, 


Examfh. 
la  the  Oblique-angled  Spherical  Triangle  BDC 

Ate  given,  -KdB^  7<S-35-3<J  ^  teq.  DC. 

The  Sttrttfft^iM  SoluthM. 

■  1.  Having  drawn  the  Primitive 
Circle  ACEG^  the  Diameter  £N, 
and  at  Right-angles  to  it  FH,  draw 
the  Great  Circle  SDN,  forming 
an  Angle  of  4a  deg.  15  min.  13  Ice  J 
(eqoal  to  the  Anjg;le  B)  wiih  the 
Primitive  Grde  (by  Crfe  the  jd  of 
Protlm  the  pti&,  &^9K  the  a<f ) 


1.  Lay  off  7^  djK-  3T  m^Q* 
3  6  fee.  the  length  of  Bu  from  B  to 
D,  (by  €aft  the  3</8f  iVe^/fW  the 
6tib,  of  SeShou  the  i4.)  . 
3.  Thro*  ^  Point  D  draw  the  Great  Circle  CDG,  formiog  the 
Angle  DCBvrith  the  -Primitive  Circle,  of  lai  d^.  36 min.  10  ice. 
(by  Cajt  the  6tb  of  PnUem  the  9^^,  &£fim  the  ai)  and  the  diing 
is  done ;  and  CD  nuy  be  meafured  (by  Cafe  the  3^  of  PnUm  die 
7tJ&,  &StNi  the  td)  but  to  determine  its  lei^  by  Cakulatkih  it 
wiil.be  by  Axitm  the  jd^ 

AsS.  <C :  S.  <i;  t  :S.BD:  S.  DC.    That  is^ 


.  Asthe  Sine  of  the  Angle  at  C=i  a  i**  36'  ao" 

Tothe  Smeof  theAngleat£=4a.f  ;.i3i-— M. 
So  is  the  Sine  of  the  Side  JBD=7tf.3  5.3tf*— — 

To  the  Sme  of  the  Side  l?C=s;o.io.30 


-9.9301744 


•1*1 


•p.8a7tfj7o 
'9.9880007 


-98853533 


spherical  Tri^onometiy, 

Cafe  11. 


«59 


Exanfk  }• 

Ifinftcad  of  the  Angle  C  the  Angle  D  be  given,  that  is,  if  the 
Angle  oppofite  to  the  given  Side  be  the  Icflcr  of  the  two  given  An- 
gels, the  Cafe  is  doubtful,  as  will  be  manifeft  from  the  folliwing  Ex- 

Suppofe  in  the  Oblique-angled  Spherical  Tcian^  DCB 
„  ,       C<B=42.x5.i3i  7 

There  are  given  ^  J?C=4o.oo. lo    ?  and  it  be  required  to 

^    .  .        .  <^'^^=34.ij.oa{ -^ 

find  the  Side  DC. 

^  The  Stire^grafbic  Solution. 

I.  Having  drawn  the  Pri- 
mitive Circle  ACEG^  the 
Diameter  AEy  and  at  Right- 
angles  to  it  CGy  fet  off  the 
Chord  (rf  40  deg.  00  min. 
10  fee  the  length  of  C^from 
CtoB,  and  draw  the  Dia- 
meter BNy  and  at  Right- 
angles  to  it  FH. 

a.  Thro' the  given  Point 
jB  draw  the  Great  Circle 
SDdNy  forming  an  Angle 
of  42  deg/ 15  min.  13  fee.  i 
with   the   Primitive  Circle, 

(by  Cafe  the  ^d  Problem  the  p/*,  SeSm  the  2i)  and  finds  iis  Pole 
q  Cby  Cafe  the  jd  Pnblem  the  3^,  SeSlion  the  2d.) 

3.  About  the  Point  ydcfcribe  the  Small  Circle// 9,  at  thedi^ 
tance  of  3 a  deg.  15  min.  02  fee.  I,  equal  to  the  Quantity  of  the 
Angle  Dy  (by  Cafe  the  ^d  of  Protlem  the  4rA,  SeOion  the  2d.) 

4*  About  the  Points  py  /,  the  liite'rfeaion  of  the  Small  Circle 
with  the  Right  Circle  AE  dcfcribe  the  Great  Circles  CPG,  CdG 
(by  Cafe  the  31^  of  Problem  the  2d,  SeSion  the  id)  and  the  thing  is 
done ;  md  the  Sides  CD,  C  d,  may  be  meafurcd  fby  Cafe  the  2d  of 
A^^w  the  7i^>  ofSeSioa  the  a^.) 

That 


TU,f  thh  Cafe  is  Ambiguoiw  appears  ftom  the  ConfiruEiion,  for 
.  JsmaU  Circk  A%.  curtlie  ^ht  Circle  ^E  in  two  Points/ 
Ind  *  fthe  pScs  of^the  Circles  CDG.  CdG)on  the  fame  fide  of 
fhf  fcntfr  whence  is  formed  twt>  "St^fterical  Triangles  BCD  and 
ScrfTtaWh  of^hica  theSidfc  CB  and  Aogle  B^«e  comjfoo^ 
fndtheAogfe  CDJS  of .  A<?  one  is  eju^  to  the  a.dc  C  rf  J  of  the 
S« .  bottheKqaired Side  CD «f  the  Triangle CBD,  is  equal  t« 
?V%plcme«  l(  the  required  Side  C^  of  the  Triangle  €dB, 
and  to  dftaairiceacaidngth  by  C«fc«/4ttw,  itvfi]ibcbyAxttmtbc 

•           .AsS.<£>5S.<ilv.:S.  CB.:S.Cp.    That  w, 
•      As  the  Sine  ofthc  Aftgleat  D=j4»J-o»  ^ ^g^fojtfgs- 

To  the  Sine  of  the  Angle  af5=4»'i5"r  ?  *  .-«.-.,j:^-^j,,8  27^370 
So  is  the  Sine  of  the  Side  J5C=4o.6o.to- ' ►^.SoSqjjj^ 

To  the  Sine  of  the  Side  2)0=50.10.30-— — -^.SSSj^fji 

Whofc  Supplement  to  a  Semicircle  i  ip  deg.  49  min.  3oTec.  is  the 
length  of  the  Side  C  J  of  the  Triangle  B  C  4. 

Cafe   Ul 

'  Gkcn  ewo^idcsand  an  Angle  oppofitc  to  one  of  them,  to  find 
the  other  Sicift 

Exofi^le. 

In  the  Oblique-angled  Spherical  Triangle  DCS 

rC5  =40.00.10  f 

-     Areigiven  H  <B=4a- 1 5- » 3  «  f  f"!-  <D5- 
-  *CZ>  =50.10.30  * 

ThisC<>/^  is  Goafiru&ed  after  the  fame  manner  as  tbe  ifi  Exmi^le 
tifthe  trt'Ctf^.  latid  DB  maybi  mea&red  (by  d^it  the  sdofPn- 
♦tow*  the  Tfht-Semm  the  an/)  but  Co  find  the  length  by  Cakuknmuy 

From 
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From  C  the  end  of  the  given  Side 
CB,  which  Side  CB  is  adjacent  to  the 
given  Angle  B,  let  fall  the  Perpen- 
dicular -  Ca  upon    the  Bafe  D'B  Cby 
Cafe  zhz  $d.o(  Proi/em  the   nth, 
SeSiion  the  2d)  according  to  the  Rules 
laid  down  in  the  former  part  of  the 
laft  SeSiion,  which  Rules  ought  to  be 
welt  undcrftood,  and  to  which  I  ref&r 
the  Reader)  this  Perpendicular  be- 
caufe  it  falls  within  the  Triangle, 
will     divide      the    Oblique-angled 
Triangle  DCB  into  two  Right-angled  Triangles  BCR  and  OCR 
in  one  of  which  Triangles  BCR  whicbTrianglc  I  call  the  ifi  Triangle* 
are  given,  the  Hypothenufe  CB  and-Angle  at  the  Bafe  B,  whence 
to  find  tht  Bafe  BR,  it  will  be  by  the  id  Example  of  the  4th  Cafe,  of 
SeShon  the  pb,  ^- 

As  R  :  cs, <B  :  :  t,CB  t,  BR.     That  is. 
As  the  Radius -r — ^ — — ■ — ro.ooooooo 

<ro  the  Co-fine  ofthe  Angle  at  the  Bafe  8=42.15.1  aFp^^Pml 
So  is  the  Tangent  of  the  Hyp.  or  Side  06=40.00. io---9_P238y5j 

To  the  Tangent  of  the  Bafe  BR=  3 1.5045  "979^190 


i.  To  find  the  Perpendicular  CR,  it  will  be  by  the  zd  Example 
oiiho 'itb  Cafe  ot  SeSiion  the  fth, 

As  the  R  :  S.  CB  :  :  S.  <B :  S.  CR.    That  i^. 
As  the  Radius-  ■■  lo.odooooo 


To  the  Sine  pf  the  Hyp.  or  Side  Cfi=4o.oo.io 


-p«8o8op25 


So  is  the  Sine  of  the  Angle  at  the  Bafe  6=42.1 5,1  gj— ^.82763  70 
To  the-Sine  of  the  Perpendicalar  CR=a5.3<J.3d?  ■         9-6^^7196 

3 .  In  the  Triangle  DRC,  which  Triangle  I  call  the  2d  Tri- 
angle, there  are  given,  the  Side  CD  or  Hypothenufe,  and  the  Per- 
pendicular CR  laft  found,  whence  to  find  the  Bafe  DR^  k  will  be 
by  Cafe  the  14 /A  of  &5/o»  the  ^ih, 

^     ^  As  cs,  CR  :  R  :  :  c s,CD  :  c  s,  DR.    That  is. 
As  the  Co-fine  of  the  Perpendicular  CR =25.35.361 — -99550889 

To  the  Radius  ■        ■       ■  >iio.ooooooQ 

So  is  the  Co-fine  of  the flypoth.  or  Side  CD=  50.10.30  9  8064817 

To  the  Co-fine  of  the  BafcDR=44.44>5o      ■■         9-8513918 

Xkjc  ""  This 


/ 
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This  Bafe  DR  equal  to  44  dcg.  44  min.  yo  fee.  of  the  zd  Tri- 
angle, added  to  the  Bafc  BR  of  the  ifi  Triangle,  equal  to  21  dqg, 
50  min.  45  fee.  before  found,  bccaufe  the  Pcrpendicijar  CR  ialTs 
within  the  Triangle,  gives  the  Side  DP  equal  to  7^deg.  Jj  mia. 

3(J  fee. 
By  comparing  the  fimilar  parts  of  the  two  Triangles  BRC  and 

CRD  together,  with  the  help  of  the  iitb  Cor.  of  the  i^tb  Geom. 

Prop.  oiPart  the  i/?,  may  the  Segment  DR  be  dire&ly  inveftigatcd, 

without  finding  of  the  Perpendicular  CR. .      . 

i^or  becaufe  the  Perpendicular  CR  is«cdmmon  to  both  the  Tri* 
angles,  let  it  be  fuppofed  to  be  known  or  given,  and  becaufe  in  the 
Triangle  DCR  the  Hypothenufe  DC  is  given  and  the  Bafc  DR  re- 
quired, let  the  Proportion  be  made  for  nnding  the  Bafe  RB  of  the 
Triangle  CRB>  from  the  Hypotheoufc  CB  and  Perpendicular  CR ; 
alfo  the  Proportion  for  finding  the  Bafe  DR  of  the  Triangle  DRC, 
from  the  Hypothendfe  DC  and  common  Perpendicular  CR  ;  then 
by  comparing  thefe  two  Proportions  together  and  expunging  the 
Terms  common  to  both,  (according  to  the  nth  Cor.  of  the  i^tA 
(peom.  Prop)  a  new  Proportion  will  arife  for  finding  the  part  required 
direftiy;  thus  in  the  Triangle  CRB  to  find  the  length  of  RB,  it  ^JpU 
be  by  the  14^*  Cafe  of  Ri^t^anglid  Spheric  Triangles, 

Ascs,CR:R:  :cs,  BC:cs,BK. 

And  in  the  Triangle  DRC  to  find  the  length  of  DR,  it  will  be 
by  the  141A  Cafe  oC  High-oi^d,'  &c. 

As  c  s,R  :  R,:  :  c  s,  DC  :  c  s,  DR. 

But  becaufe  in  thefe  twa  Sets  of  Proportionals  the  two  firft  Terms 
each,  viz,  c  s,CR  and  the  Radius  are  both  the  fame,  the  others  will 
be  direftly  propottionai  by  the  i itb  Cor.  ciProp.  the  i%tb^  SeH.  the 
Mft  of  Part  the  ifi ;  that  is, 

Ascs,BC:cs3C  :  tcs^BR:  cs^DR. 

As  the  Co-fine  of  the  Side  BC  or  Hypothenuie  o(  t      p^  ^    ^ 
thei/Triaqg|cBC=4000.io f   ^.88423^3 

m 

TothcCo-fecoftheSidcDCorHypothcnufcof  thei      o  ^  o 
nd  Trianglc=yo.io.3o i    9M064S17 

So  isthe  Co-fine  of  the  Safe  BR  of  the  ai  Triangle  > 
=3i.jo.4<J : : ; L>  P«>»5H47* 


iTo  the  Co-fine  of  the  Bafc  of  the  24lTriPR=4444.$o  p.  85 13^26 

Which 
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Whkh  added  to  the  Bafc  BR  equal  to  j  i  dcg.  jo  min.  45  fee.  be- 
fore found,  becaufc  the  Perpcndiailat  falJs  within  makes  75  dcg. 
3  5  min.  i6  fea  fee  the  kugth  BC  required. 

And  uBBTcrfally,  havii^  drawn  a  Perpendicular  from  the  end  of  that 
given  Side  which  is  ad>aceoc  to  the  given  Angle,  and  fo  that  it  may  fall 
oppofice  to  the  given  Angle,  we  Iball  always  have  an  Hypothcnufc 
aiid  ao Angle  at  the  Bafe  given  in  one  of  the  two  Triaugles,  which  is 
called  the  ift  Triai^le,to  Hnd  either  the  Bafe  as  in  the  3  J,  6tb^  and  9th 
and  io;/^C^ytf/,ortheAngle  atthePbrpendicnlar,a$in  thc^tby^tA  7th 
and  Stb  Cafes ^  according  as  the  Cafe  requires  i  and  sn  the  other  Tri* ' 
angle  which  is  called  the  id  Triangle^  there  is  given,  either  the  Hy« 
pothenufe  as  in  the  id  or  ^th  CaftSj  or  the  Angle  at  tlw  Bafe,  as  ia 
the  ^thot  6th  Cafes  J  or  the  Bafe  wMch  is  ea^ly  had  by  adding  or 
fobffarafiing,  (according  as  the  Perpendicular  falls  within  or  without 
the  Triangle)  the  Bafe  as  in  the  9th  and  loth  Cafes  in  the  ifl  Tri'^ 
angle,  to  or  from  the  Side  of  the  Oblique-angled  Triangle  firft  gi- 
ven, upon  which  the  Perpendicular  tails;  alfo  the  Angle  at \ho 
Perpendicular    in    the  id   Triangle    is  in  like  manner  'readily 
found,  by  adding  or  fubftrafting  (according  as  the  Perpendicular 
faUs  within  or  without  the  Triangle)  the  Angle  at  the  Perpendicular 
as  in  the  jtb  and  %th  Cafes,  to  or  from  the  Angle  of  the  ^Oblique- 
angled  Triangle  firft  given,  from  whence  the  Perpendicular  is  drawn. 

In  the  id  Triangle  a  Side  or  Angle  being  thus  known,  the  Side 
or  Angle  required  may  be  found  by  comparing  the  fimilar  part  of 
the  two  Triangles  together,  for  the  two  Right*angled  Triangles 
having  a  comnion  Perpendicular  their  parts  have  an  Analogy  one  to 
another ;  and  by  taking  the  common  Perpendicular  with  the  Side  or 
Angle  given  and  the  Side  or  Angle  required,  the  Proportion  of  the 
known  to  the  unknown  will  be  veadily  deduced  by  the  ijl Axiom,  and 
by  comparing  thefe  with  the  (imilar  parts  of  the  firfl:  Triangle,  by 
the  help  of  the  known  Laws  of  Proportion,  the  unknown  parts  of 
the  id  Triangle  will  be  readily  difcovered ;  thus  if  an  Hypothenufe 
as  in  the  2th  or  9tb  Cafes,  or  an  Angle  at  the  Bafe  as  in  the  'jtb  and 
loth  C^/^i  be  required,  the  Proportion  gives  the  Side  or  Angle 
rcqnircd  of  the  Oblique-angled  Triangle ;  but  if  a  Bafe  as  in 
the  3^  or  d/ib  Cafes,  or  an  Angle  at  the  Perpendicular  as  in  «the  j^th 
and  5  ri&  &{Ai  be  required,  then  this  Bafe  or  this  Angle  added  to  or 
£ibftra&ed  from  (according  as  the  Perpendicular  £»11$  within  or  with*- 
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the  Triangle)  the  Bafe  or  Vertical  Angle  of  the  ifi  Triangle  will 
give  the  Side  or  Angle  required  of  the  Oblique-angled  Triangle 
hrft  given,  as  will  Be  Exemplified  at  large  in  the  following  Cafes. 

And  altho  there  are  fevcralii«/«  laid  down  afid  dcmonfirated  in  the 
former  SeBion^foc  the  ready  Soiutitm  of  any  of  the  ifi  i  o  Cafes,  yet  this 
way  of  ref  Giving  of  them  by  letting  fall  thePerpendicnlar  is  preferable 
to  any  of  them,  as  being  univerfal  and  Icfs  burthenfome  to  theMemory. 

Tbc  Method  ot  finding  the  Perpendicular  firft,  in  order  to  find 
the  thing  required,  of  which  I  have  given  here  an  Inftance  (bm 
■  Ihall  omit  to  do  it  in  the  following  Cajfes  for  brevitys  fake)  as  it  is 
very  eafy  to  be  underftood,  and  fliews  the  Extenfive  IJfc  of  the 
3ft  Axi$mf  fo  it  ought  to  be  well  known  firft,  and  tho*  it  be 
generally  efteemed  unartificial  and  fel^om  made  Ufe  of  in.  com- 
mon Praaice,  becaufe  it  augments  the  Number  of  Proportions  by 
one  Proportion,  yet  by  rendering  the  Operations  thpmfelvcs  much 
more  eafy  it  has  its  Advantages,  as  is  wcU  known  to  chofe  who  arc 
well  verfed  in  Calculations. 

Again,  the  Side  DB  may  be  diredly  invcfligatcd  by  the  help  of  the 
^d  and  ^tb  Axioms  of  SeSlion  the  6thy  without  Icttingfali  the  Per- 
pendicular;  for  by  Axiom  ths^d  it  will  be, 

S.DCrS.BC:  •;S:<B:S.  <0;  that  is 
As  the  Sine  of  the  Side  DC=5o.io}o P.8853^3  J 


tm^'m 


To  the  Sine  of  the  Side  BC^='4o.oo.io 7- p.SoSogag 

So  is  the  Sine  of  the  Angle  3=42.15.13? ^p.Szytfsyp 

To  the  Sine  of  the  Angle  0=34.1  j  02I 915<^l66i 

■  And  by  the  ifi  part  of  thcjtb  Axiom  of  SeEJion  the  6th  it  will  be. 
As  S.  i<.sB— D  ••  S.  Ks  B-V  D  : :  t,  f  DC^BC :  c,  f  DB  i  that  is. 
As  the  Sine  of  the  half  Difference  of  the  two  adjacent  j  o  «^ ,  .^ , , 
.    Angles  B and  D=4.ao.55 -T  884374^3 


To  the  S.  of  half  the  Sum  of  thofe  a  Anglcs=  381508  9.791 7780 

So  is  the  Tangent  of  half  the- Difference  of  th»  oppo-  >    -  . .  _ .  .,0 

fite  Sides  DC  and  BC=:5.5-'o j>  ».f>4i'4058 

To  the  Tang,  of  k  the  interjacent  Side  08=38.17.48  9.9974^1 5 

Which  being  doubled,  gives  jtf  dcg.  35  min.  3^  fee.  for  the  length 
of  the  Side  DB.  Cafe 
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Cafe  III. 

Examfk  a- 

two  Sides  and  an  Angle  oppofite  to  one  of  them  to  find  the 
third  Side ;  that  is. 
In  the  Oblique-angled  Spherical  Triangle  jyCB 

rDB=  7^-3  5-3^  > 
Are  given/  <  <£=  42.1 5- 13?^  rcq.  BC. 

^  DC  =50.10,30     i 

» 

The  Stereografhic  Solution. 

This  Cafe  is  Conftrufted  after 
the  fame  manner  as  th^  ^d  £x- 
amfk  of  the  iff  Cafe,  and  BC  may 
be  meafured  by  the  Line  of  Chords j 
but  to  find  its  length  by  Calcula- 


tion, 

From  D  one  of  the.  Extremitvs 
of  the  given  Side  DB,  let  fall  the 
,  Perpendicular  DR  (by  Cafe  the  ^d 
of  Prob.  the  jith,  SeSl.  the  2d) 
this  Perpendicular  becaufe  it  falls 
without  the  ♦Triangle  DEC,  upon 
the  Safe  BC  produced,  will  form  two  Right-angled  Spherical  Tri- 
angles DRB  and  DRC,  in  the  firft  of  which  Triangles  DRB  Right- 
angled  at  R  are  given,  DB  the  Hypothehufe equal  to  76  deg.  3  j  rain. 
3 6  fee.  and  the  Angle  at  the  Bafe  DBR  equal  to  4a  deg.  i  j  min. 
13  fee,  i,  whence  to  find  ^he  Bafe  BR  it  will  be  (by  the  2d  Example 
of  the  4th  Cafe  ot  Right-angled  Spherical  Triangles. 


As  the  Radius 


As  R :  c  s»  <JB  :  :  t,  DB  :  t,  BR ;  that  is. 


mtf' 


H*l 


10.0000000 


Tothe  Co-fine  of  the  Angleat  the  BafeB=42. 1^13! — 9^8593344 
So  is  the  Tang,  of  the  Side  or  Hyp.DB=7d3  5.3d — 10.^227730 

To  the  Tangent  of  the  Bafe  BR=  72.09*00',  y    ;  ■     104^2*074' 

Again, 
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Again,  to  find  RC  tbc  Bafc  of  the  id  Triangle  DRC,  bccaufe 
the  Hypothenafe  DC  is  given,  it  will  be  (by  the  14**  Cafe  of  R^ht- 
angled  Spherical  Triangles,  «    „  ^^         „„ 

In  the  ifi  Triangle  DBR,  Ascs,  DR  :  R:  :  c  s,BD  :  c  s,  BR. 

In  the  2d  Triangle  DRC,  As  c  s,  DR  :  R :  :  cs,  CD :  c  s,  CR. 

Wherefore,  becaufe  the  two  firft  Terms  in  each  Proportion  arc  the 
fame  the  others  wiUbediredly  proportional  (by  the  iitbCor.  of  the 
i5*A  Geom.  Prop.  ofPart  the  tft.)    That  is. 

As  c  s,BD :  c  s,Cb : :  cs,  BR  c  s,  CR  ;  that  is. 

As  the  Co-fine  of  the  Side  BD  or  Hypothenufe  of  the  ->       ^  ^  ^  g^ 
tft  Ttiapgle= 76. 3  5 . 3  g— '  ■'  •  i 

To  the  Co-fine  of  the  Side  DC  or  Hypothenufe  of  1  «  jo^^g,, 

the  J<iTriangle=yo.io.3o— — — — ^ 

So  is  theCd^-fine  of  BR  the  Bafe  of  the  1/  Tri=7a.y.o°  9.4854574 

* 

Tothc  Co-fine  of  theBafe  CR  of  the  3</Tri.= 3  2,08.50  9.9»77» » » 

And  bccaufe' the  Perpendicular  fells  without,  if  the  Bafe  CR  of 
x\\t'2d  Triangle  equal  to  32 deg.  08 min.  50  fee.  betaken  from  the 
Bafe  DR  of  the  ifi  Triangle  equal  to  72  deg«  09  min.  00  fee.. these 
*  will  remain  the  Side  EC  equal  to  40  dcg.  00  min.  10  fee.  ^     • 

Again,  becaufe  the  Parallel  C  c  cuts  the  Periph^iry  in  (be  Points 
C  c,  it  Ihews  the  Cafe  is  doubtful,  and  to  find  the  greater  Side  B  r, 
becaufe  the  Triangtes  CDR  c  DR  are  equal  (for  the  Sides  CjR,  c  R^ 
zee  equal,  the  Angles  CRD  and  c  RD  are  Right,  and  the  Side  DR 
common)  the  Side  BC  will  be  equal  to  the  Side  B  c ;  wherefore^  if 
to  J?ilequalt0  7adeg,  opmift.  cofec.  be  added  c  il  equal  to  CH, 
equal  to  32  deg.  08  min.  $0  fee.  the  Suit)  104  deg.  17  min.  5.0  fee 
will  be  equal  to  S  r,  whence  it  is  obvious,  that  if  the 

Angle  Cb.  ■[0''„'^}.l««qui«d  Sid.  i)C  is  {  j^~;;»} 

and  by  comparing  this  Exa^npfemth  the  tormer  it  is  manifeft^  that 
if  the  Perpen-    f  within  ?  then  the  Bafe  of  r  ftdded  to  t 

dicular  falls       <  without  3  the  ifi  Triangle    c  fubftra&ed  from  % 
the  Bafe  of  the  ^  Triang'e,  gives  the  Side  required, 

'    Cafe 
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Giftt  two  Sides  and  aa  Angk  oppofitc  n>  one  of  ^m^  to  fiod 
the  ccmtaincd  Angle. 

Examfb. 

la  the  Oblique-angled  Spherical  Triangle  ZXB 

r  £C  =40.00.10  ^ 
Arc  givcn^  <L5=42. 1 5- 1 3^  >-  rcq. 

This  C^  is  Conftruaed  after  the  iame  naoner  as  the  ifl  E%^ 
mfk  of  the  I  ft  Cafiy  and  the  Angle  at  C  may  |>e  mealured  (py  C^ 
the  2^  of  Prok  the  lO^^  &%pii  the  2d.) 

And  to  find  the  Quantity,  by  Cakuiaiwti 

From  C  the  end  of  the  given 
SideC£,  kt  fall  thePerpendi* 
cularCR  (by  Cafe  the  jiof . 
Problem  the  Ji/^,  iSSfA'Mi  the 
aJ^thisPerpeodicular  becaufis  it 
&I1S  within  will  divide  the  O- 
bliqiic  aogledSprcrical  Triangle 
BCD^  into  two  Right-ar^gled 
Spbetical  Triangles  BRC  and 
DKC  Right-angled  at  jR,  in  the 
ifi  of  wlttch  Triangles  BRC 
Right-angled  at  R,  are  given, 
CjBthe  Hypothenidc  equal  to 
40  d^.  00  min.  10  fee.  the 
Angle  at  the  ftife  jB,  equal  to 
42  d^   x$  min.  13  lee.   ff 

whence  to  find  the  Angle  at  the  Perpendicular  BCR,  it  will  be 
by  die  %d  Example  of  the  ji  Cafe^ 


Asthei5:c$,-BC;:t.<^:ct,<C.    Tljatis; 


As 


',^8  •   Spherical  Trigammetry, 

As  the  lUdius r— ^^— — — — lo.ooooooo 

To  the  Co-fiae  of  the  Hjrp.  or  Side  5C=40.oo.io — 9.8842353 
So  is  the  Tai^cnt  of  the  Angle  ^t  the  Bafe  B^^t.i  j.i  3?  9-9^91029 

■     ,     II  .    ■  ■ 
To  the  Co-tang,  of  theAijgle  at  Perp.gCAs55.op.59  9-^*719^ 

Again,  becaufc  the  Hypothenufe  DC  is  given  in  the  iJ  Triangle, 
to  find  the  Vertical  Angle  oc  Angle  at  the  Perpendicular,  DCR^  it 
will  be  (by  the  nth  Cafe  of  Right-angled  Spherical  Triangles. 
fc  the  ih  Triangle  BRC,  As t, BC :R:  : t, CR:  cs, <^BCR. 
In  the  2d  Triangle  D/JC,  As  t,  DC  :R:  :  t,CR  :  c  s,  <.DCR: 
'  Wherefore,  bccaufe  the  two  middle  Terms  in  each  Proportion  are 
the  fame,  the  others  will  be  reciprocally  proportional,  by  the  i  itb 
Ctr:  of  the  15?*  Geom.  7%eor.  of  Part  the  ift.    That  is. 

As t, DC :  t, BC:  :c s, <BCR  :  c 9, <DCR.  Wherefore, 

As  the  Tangent  of  the  Side  BC  or  Hypothenufe  »7   ,q  o788«i8 
thea<iTriangle=5o.io.30 — ■ — '  5       *  ' 

To  the  Tangent  of  the  Side  DC  or  Hypothenufe  in  7    . . ,  -  ^^ 

thefiril  Triangle=40.oo.io  ■ — 5  >>^>^>^i 

So  is  the  Co-fine  of  the  Angle  at  the 'Perpendicular  >    -,^,,«,. 
OCR  in  the  iji  Triangle=58.op.55 r—  f  ^-IS^lM^ 

To  the  Co-fine  of  the  Angle  at  the  Perpendicular  1 
£>Cil  in  the  2<^triangle=5<5.2tf.ai -/   9-6017^91 

This  Angk  at  the  Perpendicular  DCR,  in  the  id  Triangle  equal 
to  66  dcg.  26  min.  ai  fee.  ;idded  to  the  Angle  at  the  Perpendicular 
BCR  in  the  ifi  Triangle  before  found,  equal  to  5  y  d^.  09  min. 
59  fee.  (becaiife  the  Pevpendicttlar  falls  within  the  Triangle)  makes 
I  a  t  d^.  3^  min.  20  fee.  for  the  Angle  DCB  required. 

Again,  the  Angle  at  C  may  be  diredly  inveftigated,  by  the  help 
of  the  j^and  ^h  Axioms  o(  SeSiicn  the  6th,  without  letting  fall  the 
Perpendicular  ;  for  by  the  ^d  Axiom  it  will  be 

A$SDC:S.i?C:  :  S.<5:<:d.  Thatis, 

As 


I 

1 


spherical  Trigmonietry.  i  ^p 

To  the  Sine  of  t&e  Side%C=:4o.oo.io \ — ~p  gogooztf 

So  is  the  Sine  of  the  Angle  at  8=42.15.13  J -9.827^^70 

To  the  Sine  of  the  Angle  at  0=54.15.031——^ ZliiZi^i^^ 

And  by  the  firft  part  of  the  ^tb  Axiom  it  will  be, 

AsSiDC-BQ:  S.^DC-tBC:  :ct,f  <sB=:D:t,f  <Q  that  is 
As  the  Sine  of  I  thediff.  of  Sides  DC  and  30=05.05.10  ^.9^^691^ 

To  the  Sine  of  half  their  Sum  45.05.20 ' * 9-8501^77 

So  is  the  Tangent  of  half  the  Difference  of  the  Angles  ?  ,.' 
^  and  0=04.00.05^-  ■  ,5  0-8448022 

To  the  Co-tangent  of  half  die  Angle  C=r(jo.48.io|— ^.^^^1^57 

Which  being  doubled  gives  121  deg.  35  min.  21  fee.  for  the  Ande 
at  C  required.  ^. 

Cafe  IV- 

. .  .         •  •  -      •  . 

Example  2.' 

•    Given  two  Sides  and  an  Angle  oppofite  to  one  of  them,  to  find 
the  contained  Angle ;  that  is» 

In  the  ObUquo^gled  Spheridal  Trian^e  DCB 

CDC==  50.10.30  o 

Are  giycn<<-B=42.i5.i3if  itq.  <a 
iBD  =75.35.3^  J 

,  Thi  Siereograf  hie  Soktim. 

This  Cafe  is  ConftruSed  after  the  fame  manner  as  the  idExamfk 
of  the  ift  Cafe^  and  the  Angie  at  D  may  be  meafured  by  Cafe  the  id 
fii Problem  lAiZ  lOtb,  SeElion  the  2d, 

But  to  find  its  length  by  Calculation, 

From  D  one  end  oi  the  given  Side  DB,  let  fall  the  Perpendieu* 
lat  DR,  by  Cafe  the  ^d  of  Problem  the  i  i/A,  of  SeSiion  the  24^  diis 
Perpendicular  becaufe  it  falls  without  the  Triangle  DBO,  upon  the 
Bale  EC  produced  to,  R,  will  form  two  Right-angfcd  Spherical 
Triangles  DRB  and  DRC  Right-angled  at  R,  in  the  i(l  of  which 
Triangles  DRB  Right-angled  at  R,  are  given^  the  Hypotbenuic 

Yyy      ^  DB 


D6  e^il^b  7tf  dt^.  |j  nan.  j« 
fee.  the  ADgk  at  the  Baie  B  eqilil 
to  42  deg;  15  min.  13  fee.  ^, 
whence  to  find  the  Angle  at  the 
Perpendicular  BDR,  it  will  be 
by  the  2d  Exawpkoiihc  id  Cafe 
of  Right-angled  Spherical  Tri- 
angles, 

As  the  R  :cS',DB  :  :  t,<B 
!  ct,  <CDR  J  that  is. 


As  the  Radius 


HS» 


10.0000000 


To  the  Co-fine  of  the  Side  M  or  Hyp.^ytf  3  5  3  <?— 9.3  ^ J  iaSo 
'   So  is  the  fang,  of  the  Aogte  at  the  Bafc  8=42.15.13!  9-95^°^9 

To  the  Co-tang,  of  the  Angle  at  Perp3DR=78.o<S.ipi  j>-32353»^ 

Again,  Becaufe  the  Hypothenufe  DC  is  given  in  the  zd  Triancle 
DRC,  to  find  the  Angle  at  th^Perpendiculat  CDR,  it  will  be  by 
the  i2tb  Cafe  oi Right- oi^kd Sfberkal  Tri(tngles^ 

In  the  ifi  Triangle  DRB,  As  t,DB :  R  : :  t,  DR  :^c  s,BDR.    Aad 

In  the  21/ Triangle  DRC,  As  t,  CD :  R:  :  t,  DR  :  cs,  CDR. 

Wherefore,  becaufe  the  two  imddle  Terms  in  each  Proportioa 
are  the  fame,  the  others  will  be  reciprocally  proportional  (by  the 
\ith  Car.  «xf  the  15/*  Giokt.  Prof,  of  Part  the  jft.)    That  is. 
As  the  t,CD  :  t,BD  : :  cs,  BDR  :  c  s,  CDR. 


As  the  Tangent  of  the  Side  CD  or  Hypothenufe  in  1 
thc2iTriaBgle=5oiio.3b  ^-^'^^  ■■»  *■     ' >— i 


10.078881S 


To  the  Taifgentoftbe  Side  BDoc  Hypothenufe  I  joe^n^-r^^n, 

in  the  iji  Triangle=75.35.3iS ^ l  '^'^»^7730 

So  is  the  Co-fine  of  the  Angle  at  the  Perpendicular  )^' 

BDRinthe  ifi  Triangle^ 78.05.1  pi—- — — r  ^"'MMJo 

■   TotheCo-fiacoftheAngieatthe  Perp«ii4icular  L    ^q^^^^ 

C0Riath«a4Triangle=43.M.«<^t----:r-^  5'-85799<J2 


ttMii 


fh. 


spherical  Tri^oftomepy,    -  1 7 1  • 

The  Aoglc  at  the  BtaMiyicuIar  CDR  in  the  2d  Triangle,  equal 
to  43  d^.  $t^mkL  i^Hc^  taken  from  the  Angle  i^T the  Perpendi- 
cular BDR  in  the  tfi  Triangle,  cqn^l  to  78  deg.  06  min  jp  fee.  ?; 
(bccaufe  the  Petj^cadicofar  tafls  without  thcTriangle)  will  leave  the 
Angle  BDC  required,  equal  to  34  deg.  15  min.  2  fee.  |. 

Again,  becaufc  the  Parallel  C  c  cuts  the  Periphery  in  the  Points 
C  and  c,  k  Ihews  the  Cale  is  doubthil  ^  and  to  find  the  greater  An- 
gle BDc^  becaufc  the  Triangles  CRD  and  <Rp  are  caual  (for  the 
Sides  Cil,  vRy  are  equal,  the  Angles  at  il  Right,  and  the  Side  OJi 
common)  the  Angle  CDR  will  be  equal  to  the  Angle  cZ)ii,  where- 
fore if  to  the  Angle  JBDReqDai  to  78  deg.  o5  min.  19  fee.  i,  be  ad- 
ded the  Angle  c2>R  equal  to  43  deg.  ji  min.  16  fee  J,  the  Sum 
111  deg.  57  min.  35  fee.  |,  will  be  equi  to  the  Angle  BDii ;  whence 
it  is  manifcft,  that  if  the  Angle  C  be 

by  conapaxkig  diis  ExttmfU  with  the  former^  it  i^  evideot,  that  If 
thePerpendicoUu:  foil  -^^^  }  the  Triangle,  then  the  Vertical 

Angle  of  the  i/LTrianglt  f  ^*ftr  fann   •?  «t<L  Vertical  Angle  of 
the  2</ Triangle  will  give  the  Angle  required. 

'Cik  "V. 

•    „       .  '  •  ...  -  • 

GWentwo  Ahgles  and  a  Side  oppofice  to  one  of  them,  to  find 
the  other  Angle.  .    . 

In  ^  Oblique-angled  Spherical  TrianglclXJJJ,  .      * 

Are ghren^ jDJJ=r.  7^*35.35  V  req- 

.  •  •     • 

t\xt  Sttremafhic  SQfutmi    ^ 

Tliis  CtfJ*  is  conftruftcd  after  the  fame  manner  as  die  id  Cafe t 

ad  the  Angle  at  D  may  be  meafated  by  C»fe  the  iioiProklm  the 

id*,  &»«»  U16  a4.  . 

Ty.y  a  But 


17» 


Spherical  Trip 


But  CO  detennine  its  len 


cniationi 


From  D  one  Extremity  of  tlie 
given  Side  DB  adjacent  to  the  given 
Angle  B,  let  taD  the  Perpendicular 
DRy  by  Cafe  the  jdof  Proh.jchc  i  ifb^ 
o(SeB'  the  id ;  this  Perpendicular  be* 
caufe  the  Angles  at  the  Bafe  C  and  B 
are  diffimilar,  will  ^1  without  the 
Triangle  DBC  upon  the  Bafe  BC  pco« 
duced  to  R,  wherefore  in  the  Rights 
angled  Spherical  Triangle  DRB  Right* 
angled  at  R,  are  given,  the  Hypoche* 
nufe  DB  equal  to  76  deg.  ^5  min.  jtf 
fee*  the  Anple  at.  the  Bafe  B  eqnil  to  42  deg.  15  min.  13  fee.  i^ 
whence  to  fmd  the  Angle  at.  the  Perpendicular  BDR^  it  will  be  by 
the  2d  Examfle  o(xhc  ^d  Cafe  o£  Right-angled  Spherical  Triangks. 

As^tRxcs^DBx  it^<B:ct,CDR;  that  is^ 
As  the  Radius'  ■■      ■     ,  10.0000000 


To  the  Co-fine  of  theHypothenufe  ixSidcDB=:76^^$.i6  p.jtf^iito 
So  is  the  Tang^  of  theAngle  at  the  Bafe£^42.i  5.13$ — ^9*9583029 

To  the  Tang*  of  the.  Angle  at  the  Perp.JBDii=78.off.i^i  9.3235309 

A^ain,  to  find  the  Angle  at  the  Perpendicular  CDR  in  the  td 
Triangle  CRDy  becaufe  the  Angle  at  the  Bafe  DCR,  the  Supple- 
ment of  the  Angle  DOB  is  given^  it  will  be  by  the  tub  Cafe  of  Rights 
m^M  Spherical  Triangles j 

In  the  i/?TrianglcD5il,As  c  SyDR  :R::c  s,<5:  S.<BDR.  And 

In  the  2ii Triangle ZJC/i,  Ascs^DR:  R:  ^c  s,<C:  S.  <CO/t. 

But  becaufe  the  two  firft  Terms  in  each  Proportion  are  the  iame 
they  may  be  rejefted,  and  the  others  will  be  dire&ly  proportional 
by  xh^iith  Or.  of  the  tpA  Geont.  Pnp^  oiPart  the  tfl  j  that  is^ 

A$c$,<B:<>,<C;  :S,J52?il;&CZ?ii.   •^ 


As 


Sphericai  Trigonometry,  •  <  7  J 

As  Ae  Co-fiae  of  the  Angleat  the  Bafe  J3  b  the  i/?  7      « 
Triangle41.15.13i ■ S  9'^^ii^ 

To  the  Co-dne  of  the  Angle  at  the  Bafe  C  in  the  1  . . 

»i/ Triangle  J 2 1.35.20 i     J».7»P3«8o 

So  is  the  Sine  of  the  Angle  fat  the  Perpendicular? 

BDR  in  ift  Triangle  78.05.1  j>i ; J   9-99o^nA 

,  To  the  Sine  of  the  Angle  at  the  Peroendicular  CDR  ?      «    ^ 
in  the  id  Triangle  43.5 1. i6i 5   9M^i7o 

But  tlic  Angle  at  the  Perpendicular  CDR  in  the  ai  Triangle  c- 
qoal  to  43  deg.  5 1  min.  16  fec^,taken  from  the  Angle  at  riie  Perpen^ 
dicular  BDR  in  the  id  Triangle,  equal  to  78  deg.  06  nii&  19  fee.  §, 
wQI  leave  |4deg.  15  min.  02  fee.  I,  for  the  Qiiantity  of  the  Angle 
BCD  required. 

By  the  help  of  the  jif  and  ^h  Axicmsy  may  the  Angle  at  D  in  this 
Cafe  ber  inveft^ated  without  letting  fall  the  Perpendicular  DR  ; 
for  by  the  xd  Axicm  it  will  be, 

S.<CS.:  &<»::S.Z)-B:S.Z)C:  thatis. 

As  the  Sine  of  the  Angle  at  C=i  121.^6.20  — >-.■      ■    9.9301744 

Tothe  Sine,  of  the  Angle  at  ^=41.15, 134  9.827^370 

So  is  the  Sine  of  the  Side  DB=j6.i  $,^6  9.9880607 

■— ^■—       III'      ■■    I 

Tothe  Sine  of  the  Side  DC=5o.io.35 • — -^—  9.8853^33 

And  by  the  i>?  Part.o(  the  4^/5  .^Jxigw  it  will  be, 
As5.4i)A— jDG  ;  S.ID5+DC:  :  t,  i  <«C— B  :  ct,  |<Z>. 
*  As  the  S.of'|  the  DiC  of  theSidcsOB  &DC=i3.ia.33  p.3588^7 

To  the  Sines  ofhatf  their  Sum— (Sj.aj  03 P-5'5«J524 

So  is  the  T.  of  I  theDifr.ofthe<s  Cand  J?=3p-40.33t  j^.^iggijp 

To  the  Cohtiaft.  oi  a  the  contained  <i)=:i707-3ii  10.5111735 


•ml' 


Wtiich  being  doubled  ghrcy  34deg,  15  min.  02  fee.  f,  for  the  rc:- 

quired  Angle  ^. 

Cale 
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Sphtrical  Tripnmttry. 
Cafe  V.  , 


Exafnjfle  a. 

Given  two  Angles  and  a  Side  oppofitc  to  one  of  than,  to  find 
the  other  Angk  ;  that  is. 
In  the  Oblique-angled  Splierical  Triangle  DCB 

Arc  given  <^  jBC=40.ooao     C  rcq, 
C<;Z)=}4.i5.od  "^ 

The  Ster9ograpbic  Soiutwf. 
This  Gi/^  is  doufacftd,  and  is  pro- 
jeded  after  thff  fame  manott  as  the 
id  Examfk  of  the  ifi  Cafif,  and  tlie 
An|^  at  C  aiajr  be  meafoosd  by  Cafe 
the  id  of  ProMpMtbe  loiif  dSeSi^u 
the  2//. 

But  to  find  the  leogch  t^  Calculation, 
From  C  one  Extremity  ^  tbe  gi- 
ven Side  CB  adjacent  to  the  given 
Angle  By  let  fall  the  Perpendicular 
CR  by  Cafi  the  jiof  Proj^  the  iifhy 
of  &£?•  the  idy  thiSPeipendicular  be- 
caufe  the  Angles  at  the  Bafe  are  Ainilar^  wiM  fall  wiehin  theTriai^e, 
^nd  will  divide  theOblique-angled  Spherical  Triangle  fir^  given,  into 
two  Right-ancled  Spherical  Triangles  CBR  and  CRD  Right-angled 
at  R,  in  the  firft  or  which  Triangles  MRC  are  given,  CJSthe  Hy- 
potl^ufe  equal  to  ^  dieg;  oo  min.  xo  fee.  the  Angle  i7  at  the  Bale 
equal  to  42  deg-  15  min.  13  fee.  i,  whence  to  find  the  Angle  at  the 
Perpendicular  BCR,  it  will  be  by  the  id  E^Mfkoi  die  id  Ca/i  of 
Right-angled  l^herical  Trianglesy 

As  RzcSyCB:  :t,<B  ict^  BCRi  tbatis> 


i««**i 


■**      IO>OOOQOOO 


As  the  Radius 

To  the  Co-fine  of  the  Side  or  Hyp.  CJ5=4aoo«io«— ^^7^^413^ 

So  is  the  Tang,  of  the  Angle  at  the  Bafe  £=42.1 5. 1 3^  — 9-9S^io^9 

To  the  Co-tangent  of  the  Angle  at  the  Perpendico-  L   «     ^  ^^ 

lar  BCR^55%'59 -— ^l—Zr9My39^ 


spherical  Trigonometry.  \y^ 

Again,  becaufe  in  the  si  Triangle  DCR  the  Angle  at  th^  Safe  is 
given^  to  Hod  the  Angle  at  the  Perpendicular  DCR,  it  will  be  by  the 
I  ith  Cafo  of  Rigbt-afigkd  Sfhtrical  Irianghs  SeB.  the  jrA, 
In  the  ifi  I  rianglcJJiiC,  As  c  s,  C/i :  jR  : :  c  Sy<JS  :  %.BCR.    And 
In  the  2d  Triangle  jD/JC,  As  c  s>  C-R  :  il : :  c  s,<D  :  S.  DCR. 
But  becaufe  the  two  £rft  Terms  in  each^  vi^Cr.  c  s,  CR  and  kadius 
are  the  lamey  they  may  be  reje&ed,  and  the  gther  Terms  w'iU  be  di- 
re&ly  proponional,  by  the  nth  C^r.  of  the  i^th  Ge$m. Prop.  o( Part 
.the  J/?;  that  is, 

As  cs,  <J?  :  cs,  <2> :  :S.  BCR  :  S-  DCR  \  that  is; 
As  the  Co-fine  oi  the  Angle  at  the  Bafe  S  in  the  7    ^ 

ifi  Triangle=42.i5.i3  J  — : • ™  l^  8<??3344 

To  the  Co-fine  of  the  An^  at  the  Bafe  Z>  in  theZ  ^^ 

aJTriaogle=jA.i5.oa|- ^^S  9  9172^61 

So  is  the  Sine  ot  the  Ai^Ie  at  the  Perpendicular  BCR  Z 
iiuhc  i/2Triaoglc=55.op.jP 5P.9MH5o 

1*0  the  Sine  of  the  Angle  at  the  Peipendicular  DCR  \^      ^    ^^^ 
iathcaiTriaogle=65.^tf.ai ^ ^^S^P^^ip^? 

The  Angle  kt  the  Perpendicular  SCR  in  the  ifl  Triangle  equal 
to  55  d^.  op  min.  5pfec*  added  to  the  Angle  at  the  Perpendicular 
DCR  in  the  iJ  Triangle^  equal  to  dtf  dcg.  %6mm.  21  fee  becaufe 
the  Perpendicular  falls  within,  gives  121  ckg.  ^tf  min.  20  fee.  for  the 
Angle  DCB,  but  added  to  the  Supplement  or  the  Angle  DCR,  e- 
qusU  to  113  deg.  33  min.  jp  fee.  will  give  the  great  Angle  d  CB,  c^ 
qual  to  i68deg«  43  min.  38  fee.  by  the  nth  Cafe  of  Right-anghd 
Spherical  IriangUs. 

For  chat  the  Cafe  is  doubtful  is  manifefl  From  this,  ^hat  the  Paral-  . 
kl  pp  defcribed  about  j,  the  Pole  of  the  Circle  BD  dN,  cuts  the 
Great  Circle  AE  in  two  places/^  and^,  on  the  fame  Side  of  the  Cen- 
ter the  Poles  of  the  Circles  CDG  and  CdGzvc. 

By  comparing  the  two  Examples  together,  it  is  evident,  that  if 

the  Pcfpendicttlar  fall  {^SJIJJh^^  then  the  Vertical 

Angle  <rf  the  ai  Triangle^  f^^^;}^^^^  |  the  Vertical  Angle  ot  the 

firft  Triangle  will  give  the  Angle  rcquiicd. 

Cafe 


\76 


spherical  Tri^ommetry, 


Cafe  VI. 

Given  two  Angles  and  a  Side  oppofite  to  one  of  them,  to  £nd 
the  interji|cent  Side. 

r 

m 

EsamfU 

In  the  Oblique-angled  Spherical  Triangle  DCS 

r<C  =121. 3«S.ao  ^  . 
Ate  given,  <DB=  75.3j.3tf  Vicq.  AC. 

S<ifi=:  42.15. i3tj    . 

The  &ereiigrapbic  SoluthM.    " 

This  Cafe  is  ConftruAed  after  the 
fame  manner  as  the  2d  Cafe,  and  the 
Side  BC  may  be  meafured  by  die  Line 
of  Chords,  but  to  determine  the  lei^th 
by  talculathn, 
<£  ^  From  D  the  end  of  the  given  Side 
DB,  let  fall  the  Perpendicular  DK  by 
Cafe  the  id oi Problem  the  iitb,  SeBhn 
the  2//,  this  Perpendicular  becaufe  the 
Angles  at  the  BaieB  andC  arediffimilar, 
will  fall  without  the  Triangle^  and  form 
two  SphericalTrianglesDilJB  andDRC^ 
R  Igbt-angled  at  R,  in  the  firft  of  which  DRB  are  given,  DB  the  Hy- 
pothenufe,  equal  to  76deg.  3  5  min.  36  fee.  the  Angle  at.  the  Bafe  B^ 
equal  to  42  deg.  11;  min«  13  fec-4»  whence  to  find  the  Bafe  Sit,  it 
will  be  by  th^  id  Example  oi  the  J^b  Cafe  of  Right-angled  ^heriuil 
Triangles, 

As  R  :c  s,<i3  : :  t,  BD  t,  BR  j  that  is^ 
As  the  Radius        *  ■    .  — 10.0000000 


To  the  Co-fine  of  theAngle  at  the  Bafe  J3=42.i;;i3l  9-8^93344 
So  IS  the  Tangent  of  the  Hyp.  orSide  jBD=:7d.3j.3tf--io.622773o 

To  the  Tangent  of  the  Bafe  J3ii=72.09*oo  i^ > — 10.4^21074 

Again, 


SifMc^l'Trigonomtfy.  17^ 

u-^!?*vJ2b'?**  '^  Trif^  DR.C,  becaufe  the  Angle  at 
thcBafc  J>CR  IS  given,  toiwd  theBaf*  CR,  it  wiU  be  by  QsTrthe 
^/A  o^  Migbt-an^ed  Spherical  Triat^kj  '  ^ 

"^^^ ^.Triartgle DRB,  As t,  <B : R :  :.t, DR :  S. BR.    And 
la  the  zdTxWiglt  PRC,  As  t,<;C :  R  : :  t,  CR  :S.  CR:  that  is 
Becaufe  the  two  middle  Terms  in  each  Proporcion  arc  the 
iame,  they  may  be  expunged,  and  the  others  will  be  reciprocally 
P*0i»<>rH9naU  hy  the  ivA  O.  of  the  15/*  0*001.  Prtp.  of  Poft  the 
^fi.    Wherefore,  *        .      . 

As  t,  <C  :  t,<B :  :S.  BR: S-  CR ;  that  is. 

As  die  Tangent  of  the  Angle  at  the  Bafe  C  in  the  xy?  ^ 

Triangle  s121.3tf.20  ~-        ^  .m^ —  .  S  lo.sicSStfj 

To  the  Tangent  of  the  Angle  at  the  Bafe  B  in  the  7" 

iff Trianglc=42.i5.i3i  ■    '    .:■■■ £    P-^jSjoap 

$0  is  the  Sine  of  the  Bafe  BR  in  the  a4  Triat^l*  j         _^- 

=?2.6p.oo  •' —      . .     r  ^'^y^/i^t 


To  the  Sine  dtj^tt^le  CR  lo  tiut  mJ.Y™^F\ 

=32.08.50 >.'■■.:  ,,i,u  ■•\k       .  —I /   9-7i^99os 

od''?*/*^^^^*^  '^^  .^'  **  »«*  ^*  ^P-  «^n  from  the  Bafe 
BR  before  found,[(becaflfc  the  Pcff^ndicular  falls  without)  equal  to 

7a  deg.  o^  min.  00  fee  leaves  the  Side  BC  required  40  deg.  oomin. 

Bqii^Si(^pC,i|iia^  i»e;iip|idily  found  without  letting  faQ  the 
F^pmdJKol^^,  bythe  .4»lp  «f  the  3d  and  5»A  Aakm^  IfJeSm 

for  j^^4fae^^4)(^*  to  €nd  the  Side  DC^  it  will  be 
'  A*lhe  8,<:^  f  S.<iB :  J JB.  DB :  S.  ©C  j  thatis,  . 
^s  th&SinjB  of  tfaeAo8lc«t  C;=*ai.35.2o-^ — ■ p.^tjopf^ 


«o  isthcSinc  of  the  Side  PB=?.7<j.3  5.35 .. 9.9^00^7 


!■■■ 


•    - 1 


»  • 

i-g  spherical  Trlgoncmehj, 

And  by  the  former  part  of  the  pb  Axiom  it  wilt  be. 
As  the  S.k<  •C^B  :  S.  f  <*  C+B  :  ;  t, i DC— CB :  t»  f  BC. 
Asthe  Sincof  ithe  diflf.  of  the  Angles  C8eB=3f  40.33^  p.go'rn?^ 

9  995^775 


To  the  Sine  of  half  Ac  Smn=8i.55-4<JI- " *    - 

So  is  the  Tang,  of  f  the  difi.  of  DB  and  DC-ij.nn  9'370544> 

To  the  Tang,  of  half  the  Side  BC=ao.oo  05  — — — 9.5tfto979 

Tlic  douWe  ot  which,  viz,.  40  dcg.  00  min.  10  fee  will  give  Ae 
length  of  the  Side  BC,  as  before  found. 

Cafe  VI. 

Examfti  %• 

Gircn  tw>  Sides  and  an  Angle  eppofitc  to  one  of  them^  to  find 
jhc  interjacent  Side  j  that  is. 
In  the  OMiquc-angled  Spherical  Triangle  DCB 

Ai:egifea<JBC^=4o.oo.xo     r  seq.  £!>• 

The  Siereogrifhic  SohuiPH. 

This  Gi/(  is  doubtfti,  and  is  Con- 
&ra€tcd  aiter  the  fame  manner  as 
the  idExamfle  of  the  id  Cafe;  and 
the  Side  J3D  may  be  meafured  by  the 

the  si. 

But  to  find  the  length  byK^akadaekxi, 

From  C  the  end  of  the  given  Side 

CBj,  let  fall  the  Perpendicular  Cl{» 

by  Ca[e  the  id  6( Prci.  the  tub  of 

'  caiiie  die  Angles  at  tlbeB^^ 
lar^  wfll&fi  widiin  theTrtan^,  and  will  divide  theObliqae-aoglcd 
Sf^encal  Triaf^e  BCD  firft  giiKU/joto  two  Righ^ang^d  Spherical 
Tdao^JSCJtandZ^CK^i^t-ingted  at  lt».  in  the  M  of  which 

Tti- 
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Triingles  BCR  zre  given^  the  Hypo(henuiib  CJS  equal  t5  4o.deg. 
00  min.  KO  fee  the  Angle  at  the  Ba(e  £  ^qual  to  42  deg.  if  min. 
i|  fee.  if  whence  to  find  the  Bafe  BK,  it  will  be  by  the  idExan^U 
Ot  the  4^  Cafe  oi Right-angled  Sfherkal  'tritn^Ies^ 

As  A :  cSy'CB  :  :  t,:BC:  t,  £ii;  that  is. 
As  the  Radius  "  ■  ■    ■        ■  "^10.0000000 

To  the  Confine  of  the  Angle  at  the  Bafe  B=^t.  1 5  •  1 3  i  9*8^93  3  44 

So  is  the  Tangent  of  the  Side  or  Hypoth«  JSC=40.oo.io  9.^238563 

•       •  •        ^ 

To  the  Tangent  of  thefiafe  ^/?=3 1.50.46  — 9-793 1907 

Again,  in  the  %d  Triangle  DRC^  becanfe  the  Angle  at  the 
Bafe  D  is  given,  yo  6^/t\t^  R^fc  DR,  it  wiill  be  by  the  ptb  Cqfe  of 
Rigbt'Of^kd  Spherical  Iriapgles. 

In  the  ij9  Trittgrc  BRC^As  t,  <B:R:  :t,  CA  tS.  RB.    And 

JuActd  Triangle  DRC,  As  t,  <D  ;  it : :  t,  CR  :  S.  CR ;  that  is, 

Be^infe  the  two  middle  Terms  in  each  Sett  6l  Propordonals  are 

die  (^e,  the  6thers  will  be  teciprocally  proportional,  by  the  ittk 

C«r.  €k  the  i  51*  iS^.Pfop*  of  /^iirr  the  ift.    Wherefore, 

Asthct,<i3^t,:<B:  i^.BRiS,CRi  thatis, 

A^  the  iTangcnt  of  the  Angle  at  the  Bafe  D  in  the  idJ    ^  o^^^^. 
Triangle  =34.15.02!  r-r — r^ : —5   ^^JS^^^J 


«M«M 


To  the  Tangent  of  Ae  AngJcat  the  Bafe  5  in  the  1   ^  «,»,«*/* 
ijfTriingle=42.i5.r3i — ^^ » i    S».95»Joaji 

So  isibe  Sine  of  the  Bafe  Sil  in  the  lyJTriangkJ   «7i,.,7. 


^»i 


To  the  Sine  of  the  Bafe  C/Sin  the  a^  Tri.=44.44.5o  9*8275597 

The  Bafe  BR  of  the  i^  Triangle  equal  to  3 1  dttg.  jo  min.  46  fee 
added  (becaufe  the  Perpendicular  falls  within}  to  the  Bafe  C/Tof  the 
3i/Triangle  equal  to  44  deg.  44  min.  50  fee  gives  the  Side  BD^  e* 
qoal  to  76  deg.  35  min.  46  fee.  but  added  to  the  Suppleinent  ofCRi 
equal  to  135  deg.  15  min.  10  fee.  becaufe  the  Cafe  isdoubtful^  wSl 
give  the  great  S^e  d  J9»  equal  to  157  deg-  05  min.  s$  fee* 

.     Zz2  2  And 


4 

,  ^^  Spherkal  Trigotiometry. 

And  by  comparing  the  two  Exan^ks  together,  k  is  obviottt,  tite 
It  the  Perpendicalar  faU  i^^^  }  the  Triangl*.  the  Bafc  of 

the  arf  Triangle  |ff.g,„}:  th'eBafeofthc  .>!  Triangle,  witt 
give  the  Side  lequ^'ed. 

Cafe   VII. 

Given  two  Angles  and  the  interjacent  Side,  to  find  the  other 

Example. 


In  the  Obftqoe-aagled  Spherical-TriJtogle  pC^, 

At»^v«n')CB=2  40.00.10    i*  rcq. 
wi<CB=  43.15.13$  ) 


i» 


<• 


\. 


fi 


i    • 


The  Avr^qgri^iSvV  Jofof i^^  ^  . 
i«  Havmg  draw9  cbc.Piiimn^ 
ck  ACEG,  the  Diameter  ^,  aac( 
at  Right-an0e$  to  it  CG,  fet  offtlic 
Chard  dCBy  equal  eo  40  deg.  00  minC 
10  fee.  from  C  CO  J^  and  drafiF  die 
Diameter  ^iV^,  and  at  Right-angles 
toitJW. 

2.  Thro'  the  Point  JB  draw  die 
Great  Circle  BDN,  forming  an  An- 
gle of  42  deg.  1 5  min.  13  fee.  i,  ^||Fal 
to  the  Angle  JB,  with  the  Primitive 
Circle  CB,  by  C/ry^  the  ^dotPrakm 
the  9tby  oiSeBioM  the  zd. 
;•  Thto'  tlie  Point  Cdraw  the  Great  Circle  CDGy  forming  an 
Angle  of  III  deg.  35  min,  20  fee.  equal  to  thv  Angle  C  with  the 
Psifltiitive  Circle  CB^  by  Cafe  the  ^d  of  Probkm  the  9th ,  dfiSf^/on  the 
jti^eafiure^  2i(,  then  is  the  Triangle  t>^B  formM,  ,and  the  Angle  at 
2>yi(iiy'be(byCi(i/ethe  idoSProblm^i  loth, o( SeSim tiit  2.) 
'  '  fiurto  determine  its  length  by  CalculatioiL 

From  C  one  end  of  the  given  Side  C£,  let  fall  the  Perpendicular 
ck,  by  C^tf  ^9  id  ofPr^Uem  ^  iitk,  of  SeSlm  the  2dp  thirPcr- 

pendi- 


spherical  Trigmometry.  i^i* 

pendicnrar  becaufe  it  fidls  within,  wiH  divide  the  l^mngle  DCBfitfi 
fiven,  into  two  Right-angled  ^herical  Triangles  C£/i  and  C^^ 
Kight-angled  at'it,  in  the  firft  of  whidi  CBR  are  given,  CB  the  Hy-- 
podienufe  equal  to  40  d^.  00  min-  10  fee.  the  Angk  B  at  the  Bafe 
equal  to  43  d^.  i^  min.  13  fee. },  whence  to  find  the  Angle  at  the 
Perpendicular  BCR^  it  will  be  by  Cafe  the  3^  of  Examfle  the  2i;  of 
Bigit^attgkd  Sfherical  Iriati^les 

AsA  :  cs, JJC:  :  t, <J5:  c.t,  <C  ;  thatis. 
As  the  Radius— ^^^—'    ■■■  ■   ■     ■     tcooooooo 

To  the  Co-fine  of  the  Side  BCs40.oaio 9.88413^3 

So  is  the  Tangeot  o£  the  Angle  at  tbeBafe  ^=42.1 5.1 3)  9-9583029 

To  the  Co-tang-  of  cheAngle  at  Fd:p.BCAs 5 5.09.59  9.8425391^ 

r      ■    '  •  •  •  • 

The  Angle  at  the  Ferpendic;ular^C/lih'tbe  lyl  Triangie,  equal 
to  55deg.  e^  mio..59  fee.  taken  from  liie  Aogie  DCB^  equal  to 
121  d^.  i6  nm:  20  fee.  (becaufe  the  Pe(|>endicalar  falls  within  the 
Trriangle)  wfl!  leave  the  Angle  at  the  Perpendicular  DCR  in  the  ^d 
Ttiai^e^.e^iialtoifftf  dc^g-  :atf  mip.  21  fee. 

Again,  in.the  2^  Triangle  JD^C,  becaufe  the  Angle  atthePer* 
pendtnnilarDCJt/isgfiven  tofinrf  the  Ai^le  at  the  Safe  CDR^  it 
will  be  bjr  C^^thc  7/*  of  Ri^ht^af^ed  Spherical  TrioftgUs. 

fir  the  xjff  Triangle  BCA  AsR:cs,CR:  iS.  <.BCR:cs,<B. 

In  the  2d  Triangle  DCR,  Asitt^cs,  CR :  :  S.  OCR :  c  s,<I>, 

Wherefore,  beaufe  the  two  firft  Terms  ioLieach  Proportion  ate 
dtrfame,  thty  may  be'rejeoed ;  and  the  others  will  be  dire&iy  pro- 
portiooa!,  by  the  x  Tth  Cor.  of  the  i5^i&  Geam^  Prcf.  oiPart  the  ift^ 
AsliieS'SCR:SDCR:  :  cs,<  5:  cs,<I>;  thatis, 

Asthd  Sixie6|f  the  jAngli.at  the  Perpendicular  BCRY 
mtfeer/lTHan^5:i:<rp..59f 3    i^-PH»45« 


» t 


i\s  .*  '^      •  -  »     X 


To  the  Sine  of  thcAngle  at  the  Pcrpendiciilar  DCR  in  T     ^ 
So  hr  tM  Goh&ne^dP  Ae  lAnete  aethfe'Eafe- J^  ih^   a  oxoi^ 


.wi»'<S*Jflii* of.il«'A^l# 'liti*dBlfe» A'^ tMT-  ^ ^;„«>^ 


•■ 


Or  the  Angle  BDC  of  the  ifiTviX^BJ^,  which  Aogte  « I? 
becaufc  the  Perpendicular  tails  within  the  Trjanglc,  is  .fimilar  to 
the  Angle  fi,  and  confequently  Accte. 

Ot» 
.  Having  found  the  two  oppofitc  Sides  by  the  ^d>  Asdmtht  con- 
tained or  third  Angle  may  be  fonnd  by  the  ji  Axioms  without  let- 
ting foil  the  Perpendicular. 

Cafe  m 

Examfh  a. 

*  Given  twoAnglcs'and  the  interjaccnt,Side  to  find  thcothcr  Angle; 
that  is^  ;    '      ...    '  \^  • 

lathe  Oblique-angled  Spherical .Trungle  DCB  ^, 

Are  given,  ^DB^  7^-35^3^.  >  ^^r 


^t^D 


. .  ■••  R 


t/Hfavipg  drawn  the  Primitive 
Cicclc  C^GJE,  the  Diameter  £N^ 
and  at  R^*angle$  to  ^  tl)0  Dia^ 
ineterFAl    • 


3.  Thro'  the  Point  £  drav  the 
'  Great  Circle  BDNj  forming  an 
Angle  wiith  the  Primitive  Circle  o( 
42  oeg.  15  min.  1 3  feci,  cqval  to 
^e  Angle  at  jB,  by  Cafi  the  3d  of 
Problem  the  9tb^  of  Se^pn  the  ai. 

2.  Lay  oflpTtf  deg«  3$  min«  3^ fee.  the  length  eiDB^  in  the  Great 
Cirde  JBDJV  hem  B  to  D,  by  Cafi  tbe  3^  dlPr^Um  the  6^6,  of 

Ai^mrthea^f.  ^        ^  ^ 

4*  Thro*  the  given  PoiAt  D  draw  the  Great  Cirde  CDG^  fonn« 
ing  an  An^e  of  34  d%  15  min.  loa  fee  f,  the  (^antity  of  the  An- 
ripasD^  with  the  Great  Circle  JUDG^,  by  C^/i^  the  4^6 of  Proklem 

die 
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the  9^j  ofStSiiM  the  2^  and  the  diing  i$  dMc,  and  the  Side  BD  may 
be  loeaiured  by  the  Line  of  Char Jn 

Bot  to  determine  its  length  by  Cakbladon. 
Thro'  the  Extremity  B  ok  the  given  Side  BD^  dvsLW  the  Pcrpcn: 
dicalar  BR,  by  Cafi  the  jdof  ProHem  the  1  uh,  ofSiBieu  the  2/; 
this  Perpendicnlar  becaufe  ic  falls  without  the  Triangle  upon  the 
Side  DC  produced  to  R^  will  form  two  Right-angled  Spherical 
Triangles  D/li?  and  CRB,  Right-angled  at  ii,  in  the  firft  of  which 
Triangles  DRB  are  given,  DB  the  Hypothenufe  equal  to  j6  deg» 
}  f  niin.  36  fee.  and  the  Angle  77  a c  the  Bafe  equal  to  34  deg.  1 5  min. 
02  fee  I,  whence  to  find  the  Angle  at  the  Perpendicular  DBR^  it 
will  be  by  the  zd  Exampte  of  the  3  J  Cafe  of  Rigbt^angkd  Sfheriuil 

Astheil:CS^JSZ7:  it,<D:ci,<J>BR;  thatis. 

As  the  Radius  ■  ■      ^     ^  ■       .— 10.0000000 

To  theCo-fioc  of  the  Side  or  HypJ?D=76.35,3tf—— 9.3552280 
So  is  the  Tang,  of  thcAngleat  the  Bafe  i7=34.i54>i|  9-8330805. 

■■I  ■ 

To^  Co-tingent  of  the  Angle  atPeip«Z7£il=8i.ok«4i}  9*1983085 

If  fiom  tbeAiigk  DBR,  eqnal  to  81  dcg.  01  miit  42  lec|»  the  An- 
gle at  the  Ptrpendicular  in  the  firftTriangleDJBKy  be  taken  dieAngle 
DBC equal  to  42  deg.  j  5  min.  1 3  feci,  becaufe  thePerpendicular  hdls 
without  the  Triangle,  there.will  itn^  the  An^Ie  at  die  Perptndi^ 
cular  CBR  equal  to  38  deg.  445  inin.  29  fee- 1  m  the  id  Tnangtc^ 
ii9iiece(oce»  bpe^CcmA^  si  Ttisuigle  the  An^e  at  the  PcFpendi^ 
culat  is  pven,  to  find  the  Angle  at  the  fiafe,  it  will  be  by  the  plk 
Cafe  o{  R^bt'-Mgied  Spherical  TriMgUs^ 

loihe  jy!  Triangle  D9R%Jk^Ric%fBRii^.CBRict^BDR. 

Intbea^Triai^leCjBii,  ksRics^BRi  xx^CBRics^BCR. 

Bat  becaufe  tHii#ofiATecnisia:cadi  arc  the  £une^  tfaey  inay 
be  rejeded,  and  the  odierr  will  be-direftly  proportional^  by  the  1  ith 
C9ri)S^Jpk6em^iPref,0iPmiti^s/li  tbatis» 


At 


1^4  Sphricsl  Trix^iUmiHfy* 

As  the  S.  DS& :  a  CM  :  :  c  v  SDR  :  c  a;,  ^CiL 

As  the  Sine  of  the  Angle  at.  the  Perppudicular  i    ao«4^<A* 
r)BRmthci/8Triaii^8i.oi^a| -' f  ^-^^  '*»* 


-mmmmtit^mmi^^mmmmm 


To  the  Sine  of  the  Angle  aje  the  Perpcndiculac  CBR I    n_-x,<<« 

in  the  2 J  Triangle=  3  8.4d.  25^ ^ —  ■ ^   ^'^^^  ^ 

■    So  is  the  Co-fine  of  the  Angle  at  the^afe  D  in  the?      0^7*8*1 
j/f  Triangle^ 3 4. i j .o»l  iS a ^'^  ' 

fo  the  Co-fine  of  the  Angle  at  the  Perpendicular  >•  ^  _,^,ft/,^ 
BCRmthca^Triangle=58.»3.40' ^/*  9>lt9V^^^ 

Whofe  Supplement  to  a  Sernktrcle  gives  the  Angle  BCD,  equal 
to  12 1  deg.  16  mio.  ^o  fee  because  the  Perpendicular  falls  ^xrkhour, 
and  by  Comparing  thefe  two  £x/7w/A/ together;'  it  is  evident^  that 

If  the  Angle  ac  the  Perpendicular  m  the  ijl  Tcianjglc  be  gti:atcr 
than  the  An^lp.a.tthe  Bafe  in  the  fame  Triaogle^  and  die  Angle  ac 

the  fiiife  i>ej^bSfc  }theathereqoir«dAi.glc&».UU^  J^^^^ 

die  Ajiglc  ac  rhe  Bafe  {m  the  nune  Triangle^  and  me 
Bafe  ^{ofe&e}^^  ^  ie^tmcd  Ang^e  ihaH  be 


aeie  at 
Acute 


the 


.1  •-/.;;::.'•  .    vCak  \UL 


I 


f  <  "^  -      •       '  '  '  ' "  f  f  •  ■ .    '» 

,:      :         »,     .  .  f    « .  •       »  I  •  »    /. 

Given  M<N>iAi;^fos  «id  theittttjIlcbtSkte,  tQ'liad«itt 
«thcr  opnofit*  fikka;  -        -  •    -  .   ' '       • 


Ate  gma^  Ofi=^  4o.Dcuto  ^coq.eidiei;27C}0cdU2. 

I 

The  Sientignfbic  StluHnu 
HitsC4/^  ts  confimfted  after  die  fame  maooer'asdie  tft  Examfh 

:ijMvbC4hvA^9iikBDQSJDCt  nty  be fflcafooDd by  CiiT* 

the 


spherical  Trtgmometry. 


the  iiK>t  Problem  tht  jtb  of  SeSiion 

Buc  t<y  find  die  length  of  CD  by 
CalcnlatJoD^ 

From  C  one  end  of  the  ghren  Side 
CB,  let  fall  the  Perpendicular  CR, 
this  Perpcpdicidar  becaufe  it  falls 
within,  will  divide  the  Triangle 
DCB  into  two  Right-angle  Spheri- 
cal Triangles  BCR  and  DCR.  Right- 
angled  at  R,  in  the  firfl  of  which 
CBRare  given, CB  the  Hypothenufe 


i8y 


equal  to  40  dcg.  00  min.  10  fee.  the  Angle  B  at  the  Bafe  equal  to 
4a  deg.  15  min.  13  fee.  f,  whence  to  find  the  Angle  at  the  Perpendi- 
cular BCR,  it  will  be  by  the  2d  Example  o[  the  3d  Cafe  o(  RXiht^ 
offgled  Spherical  triangles  ^ 

AsR:  C&,BC  :  :t,<B  :  t,<BCR  ;  that  is,\ 

As  the  Radius —  *     ■  .  — 10.0000000 


«• 


To  the  Co-fine  of  the  Hyp.  or  SidcBC=4o.oo.io — ^9-8842353 
So  is  the  Tangent  of  the  ^ngle  at  theBafe  B=42.i5.  i  ji  9,9583029 

To  the  Tangent  of  the  Angle  BCK=55.op.;p 9M*Si9^ 


mm 


The  Angle  at  the  Perpendicnlar  BCR  in  the  firft  Triangle  equal 

to  55  deg.  o9jnin.  59  lec- taken  from  the  Angle  IX^B,  eaual  to 
lii  deg.  36  min.  20  fee.  (becaufe  the  Perpendicular  falls  within  the 

Triangle)  will  leave  the  Axigle  at  the  Pevpendicular  DCR  in  the  2d 

Tdaogle,  equal  to  66  deg.  26  min.  21.  fee. 
Aeain,  in  the  2d  Triangle  DRC^  becaufe  the  Angle  at  the  Per- 

pendicnlar  DCR  is  given^  to  find  the  Hypothenufe  DC^  it  will  be 

by  Cafe  the  6tb  of  Rigbt-atigled  Sfherical  Triangles. 
In  the  i/Z  Triangle  BRC,As  cs,<.BCR  :  R : :  t,  CR :  t,BC ;  and 
In  the  id  Triangle  DRC,  As  cs,<DCR :  R  : :  t,  CR :  c,  DC* 
But  becafife  the  two  middle  Terms  in  each  are  the  fame,  they 

may  be  reje£ted,  and  the  other  two  will  be  reciprocally  proportional, 

\fj  die  i2tk  Cer.  of  the  ipb  Geom.  Pr^p*  oiPart  the  ifi ;  that  is> 


Aai^a 


M 


As  th«  c s, DCR  : c s,  BCR : : t, BC  !  J, PC|  ^t i^ 
As  the  Go-fine  of  the  Angle  at  the  Perpendicular  I    „  ^^ 


Hyp«tbpn«>rc 


■•iw*^***  ■p'**^^^ 


)  is  the  Tangpnt  of  the  bide  BU  or  «yp«tftCiHHc  i       oaag^tf  ? 
of  the  j/gTriang<c=^4o.oo,fo>   ii     '»m     ■ T  i^7  f.  ^  ^ 


2iT]:ttn^es=50. 


pk* 


Or, 

The  Sides  DC  and  DB  may  bfe  dire^Iy  m^Qigam.  by  the  help 
of  the  stb  Axiom,  without  letting  fell  the  PgrpendiguUr.    Fqr, 
As  the  S.  Ks  CTB  :  S-  Ks  C^  : :  t,  I  ftC :  i;|'BI>--DC  i 

Aat  is,  -  .     -»  ^     » ^ 

AstheSittCof  |thc  Suoiof  the  <sC^dBa8i.554<^  9'995^77S 

^othe  Sine  of  half  their  Diffctena=39.40  33*— — j>.8oyi»38 
So  i»  the  iTaogenc  of  half  the  coac.  Side  SiQ=s  a<K«^)  9V^^9tJ9 


W^r^^i^ppi,,^ 


To  the  Tangent  of  lialf  the  Difference  of  the  two  op-  7  .  ^_^^  ^  ^ 
'   ppate Sides BDaad I>C=i 3.^.33'^'  '  ■  .■■i...'.M.I^-^7o;44» 

And  agiiB, 
Ascsi,f<sTW"5CSi*<sC^=Bl  :t,fBC:e,fJW+DC 


'Asti^CQ-fiij^qffSBia:<«f«hc<sC.aD4Bs:8<>i54rfV--9'M^ 


^i^ 


1^  t^e  Cokfioc  <^ii^f  tbeu:  Di£krence=:  3^4f»<3  3i"*9.88(S^«3  2 
Sti)  iS;  the  Tangent  <^^alf  the  cpQt.^4.e6C=4o.ooiO$  p.$tfxQp79 


^  ■*» 


Totlie  Tapgcnt'of  halt  the  Sum. of  the  twooppo-T;  ,^  ,„;.„,-k« 


Bur 


spherical  Trlpmrnttry. 

But  bccaufc  lBl)+DC+fBD-DG=BD, 


i«7 


If  to  the  half  Suftf  of  tlfe  Side^BD  and  DC- 
Be  added  the  half  Difercncc^    ■       -^ 


-  =  13     12     Jj 


The  Sam  will  be  the  grcatcf  Side  BD ^< 

And  becaufe  f  b6+I>C— f  BD— DC=:?1X:. 


•=75    gy    jtf 


^  from  half  tiie  Sum  of  the  Sides  BD  and  DC— -—=53    a 3    o^ 
Be  cakeb  the  half  Diflference-  r  ^  |  j   ^ ^    31 

Tli?S«»aiader  will  be  the  le&r  Side  0C         •■ 


•=50    10    30 


Cafe  Vm. 

Glveo  two  Ai^es  and  ^  iwei^siMMh  Sldd^  to  fiftl  citliet  «| 
^e  ofpi^  Sides  {tbkc  k;^ 

b  the  ObiiqM-angled  Spfaerical  Triaogle  DCS;     - 

^  ''<J>^  34.15^41/'-         .  . 
The  ^treografhic  Solution: 

This  Caibtis'Coiifllraa^d'afiei?  tbd^ 
fiune  maaoer  as^  the  2^  £xa»^<^'of  the 
7/A  C4A,  and  the-  8ide  SC  naiy^be 
meafuredby  the  Line  of  Chords. 

But  to  detecdfoei^  length  by  Cal^ 
cnlatioo. 

Thro'  the  Exttettdty  2?  of  the  gJ**n- 
SideS2>,let  faU  the  Peipendicnlar  Aft, 
diisPerpendicular  beeaufe  it  fiUIs  witb- 
OBt  the  Tiian^,  will  form  two'Ri^t- 
ai^Ied  Sphental  Tiiangtes  DBR  and 
CBftlUght-angled  at  /{,  io  the  firft  of 
which  DBRvff  gitcn,  tte  I^s^pothesi 

Aa s a  a 


,  g  g  spherical  Trigonmetry. 

nufe  BD  equal  toj^deg.  35  «"»•  3^  fee.  and  the  Angle  ^  at  the 
Bafc  equal  to  34  deg.  15  mia.  oa  fee.  f,  whence  to  find  the  Angle 
at  the  Perpendicular  DBR»  it  will  be  by  the  2d  Examfkofthc  id 
Ciiftoi  Right-angled  SfhtrictUtriM^hsy 

A$R:cSyBDi  : t, <D  :  ct,<DBRi  thatis  j 
As  the  Radius  .  10.0000000 

To  the  Co-fine  of  the  Side  or  Hyp.  50=7^.3  53^ 9.3552280 

«o  is  theTang.  of  the  Angleat  theBafei?=34.i5.Q2l  p.833o8<>5 

Totbe  Co-tang.pf  the  Angleat  BafeZ>Bil=8i«oi.4a|— p.ij^SsoSs 

If  from  the  Angle  DBR  in  the  lyZ  Triangle  equal  to  8i  d^j.  oi 
tain.  42  fee.  f,  be  takeathe  Angle  DBC  equal  to  42  deg.  ly  min. 
1 3  fee.  i,  bccaufe  the  Perpendicular  falls  without  theTriangle,  there 
wUl  remain  the  Angle  at  the  Perpendicular  CBR  in  the  fecond  Tri* 
an^e,  equal  to  38  deg.  46  min.  29  fee.  f. 

Whetefote^  becaufe  the  Angle  at  the  Perpendicular  in  the  fecond 
Triangle,  is  given  to  find  the  Hypothenuic,  it  will  be  by  the  6pA 
Cafi  of  Right^angUi  Spherical  Triangles^ 

In  the  i/t  Triangle  DBR^  As  c  Sy<iDBR :  R  :  :t,J5A  :  t,  BD^  And 

In  the  2d  Triangle  CBR^  As  c  s,CM  :  kutyBRxt,  CB. 

But  becaufe  the  two  middle  Terms  in  each  Propoportion  are  the 
.  (ame,  let  diem  be^expunged,  and  the  other  two  will  be  reciprocally 
proportional,  by  the  lith  Cor,  of  the  ipbGeom.Prof.  oiPart  the 
ifil  thatis, 

Asc  s,  CBR  I  c  s,  DBRx  :  t,  BD :  t,  CB;  whefcfore. 
As  the  Co-fine  of  CBR  the  Angle  at  the  Perpendicu-  7       ^^  ^  ^^^^ 

lar  in  the  2diTriangle=:3«.4<S^2p|-: ^^ »3    9-»P"7»9 

To  the  Co-fine  ofUBR^  the  Angle  at  the  Perpen- , 

dicular  in  the  i/Z  Triangle^ 81.01. 42I >   9-^9^9^41 

So  is  the  Tangent  of  the  Side  BD  or  Hypotfaenulei       ^ 

/  in  the  i/?Triangle=75.35.36-; : f  xo.<?2277jo 


Mi» 


To  the  Tangent  of  the  Side  BC  or  Hypodjcnufc? 
in  the  2^  Triangle=4o.oo'io|" ■    ..5 


P.P238584 


Or  the  Sides  BC  and  Z)C  may  be  inveftigatcd  direftly,  without 
letting  fell  the  Perpendicular,  by  the  help  of  the  j/i  .4x.  as  in  the 
i»Bncr  Examfk.  By 


spherical  Trlpnmetry.  t  %'^ 

Qjr  comparing  the  two  JSxom^iSr/ together,  it  k  e^ridcnt^  that  if 
the  Petpendicidar  fall  withio  the  Triai^e^  dbe  Apglc  at  the  PerpeQ- 
fliodar  ok  the  ifi  TriaDgle^  taken  from  the  given  Angle  of  the  Tri- 
an^e  firft  given,^  will  leave  the  Angle  at  the  Perpendicular  of  the  td 
Triangle. 

But  ii  the  Perpendicular  fdls  idthoat,  then  the  Angle  of  the  gi« 
ven  Triangle^  taken  from  the  Angle  at  the  Perpendicular  of  the  ifi 
Triangle^will  leavi  the  Angle  at  thePerpendicular  of  die  » J  Triangle. 

I£  the  Angle  at  the  Perpendicular  of  the  feooml  Triangle  be 

ridSmilar  i  ^^  *^  ^^^^  *^  ^"^  ^^  ^*^  ^^  Triangle,  the  le^ 
quireiSide  will  be  5^^^^^^  }.  than  a  Quadrant. 

Cafe  IX. 

Given  two  Sides  and  the  contained  An^e;  to  find  eidier  of  the 
oppofite  Angles. 

Example 

la  the  Oblique-angled  Spherical  Triangle  DCS 

Arc  ^ven,  4  <5=  42.iy.i3|Si  req.<D. 

c  BC=z  40.00.10  J 
The  Stere^rapbic  Solution^ 

I.  Having  drawn  the  Primitive  c 

Circle  ACEG,  the  Diameter  AE, 
and  at  Right*angles  to  it  CG ;  fet 
otftbeCbordof  Aodeg.oomin  10 
fee  the  length  ot  CS  from  C  to  £, 
and  draw  the  Diameter  j^  JVand  at 
R^bt^angles  to  it  FH. 

1.  Thro'  the  Point  B  draw  the 
Great  Circle  BDN,  forming  an 
Angle  DBC  of  4a  deg.  1 5  min.  i } 
fee.  J,  equal  to  the  Angle  JB,  with 

the  Primitive  Circle  CJ5,  by  Cafi  the  id  oi Problem  the  9th,  of  SiBim 
the  2  A 


^^  ^.  \^f  ^fS  ifcfft  ji  mlm  j^fto  the  length  of  ffD  from  -^w  15, 
Ji  ttc  Qteat  €ia«te  Jk\  by  C^yi  the^  3^  o^Py^tm  tht  My  o€ 
&£fc(i».  the  2i . .  '      ' 

^-4.  1*Hry  Ae-*«>i(^Caii4  JD  d«^  the  Great  Gi«*e  CI5(?,  By 
Rroblevithcift ,o(  SeBion  the  2^^  and.the  thing  is  done;  and  tiie 
jingle  at  D  may  be  meafuved  by  Cafe  the  ^d  of  ProHem  the  fOtA, 

ofseSlion  the  2^. 

gut  to  detcfmine  its  Quantity  by  Calcuhtion. 

^  'From  C  the^Ext^niity  0!^  the  Side  CB^  let*  fell  the  PerpefxHealac 
<<Av  lbis^ltecflPQ4«coJ^r,tiecajufc  iclall^  without?. the  Triangle,  will  di- 
vide the  Triangle  DCB  firft  given,  into  two  Right-angled  Spherical 
Tiangles  DP^B  and  BJHC^:  Right-angled  at  R;  in  the  &x&  of  which  * 
Triangles  CRB  are  given,  CB  the  Hypothenufc  equal  to  40  dcg. 
00  min.  lofec.  and  the  Angle  at  the  Bafe  B  equal  to  42  deg.  1 5  min. 
13  fee.  i,  whence  to  find  the.  Bafe  £My  it  will  be  by  the  2d  £x« 
ample  of  the  Ath  Cafe  of  Right-angled  Spherical  Triangles. 

As  the  it:  C  8,<  JJ  :  :  t,  JC :  t,  fll?:  j  that  is. 
As  the  Radius  •■    #>■»■■»■  «  •    lox 


To  the  Co-fine  of  cfaA.4liglc  at:tk«:Bft(I^J9«<. 
So  is  the  Tangento£^.Hy^fibeiwC6iiBC=4o.oo.io  9^238561 

To  die  Tangent  of  the  Bafe.jRR=^3i^so.4d  >       ■         'p>7P3ipo7 

If  from  the  Side  Z7jB  of  the  Triangle  Z>CS;  equal  tojtf'd^.  35 
min.  3 6  fee  there  be  taken  BR  the  Bafeiof  the.  fir&/Eri«n^  equal 
to  3 1  deg.  ;o  niin..4tf  fee.  becaufevthe  Ferpewticulas  GUIs  witfatiLtlfi) 
Triangle,  there  will  remain  the  BafeilAof  tfaeieoQBdTriangley.ei 
qual  to  44  deg.  44  min.  50  fee. 

Wherefore  becauTe  the  Bafe  of. ''the  feootid!  Tdai^le  isgiwen^.ta 
find  the  Angle  at  the  Bafe,  it  will:be<b]F  tbd  idi  Qifi  o(  Jtigk^m^ed 
SfhericMllridfiglis. 

In  the  i/l  Triangle  BRC^  As  S.BR :  -R : :  t,  CRi  t,<CB .;  And 

In  the  2d  Triangle  DRCj  As,S,DRiRi  j  t,  CA:  U  <D- 
But  becaufe  the  two  middle  Terms,  in  eacb^ropoctiott  ate  the 
lame,  they  may  be  re jeded,  and  the  ^thet  two  will  be  reciprocally 
FTQportfQti^^  by  U» tzthCv*  of  tb«  x fit  GfQVk  Ptof.  of  Pwt the 
yi  i  thatis. 

As 


spherical  TVigonmwy.  tet 

As  the  S.  t>RiS.BR:  1 1,  <£  :  t,  <D.    WhcKforc, 
As  the  Sise  o(DR  the  Bafe  of  the  fccond  Trianele  7 

To  the  S.  of  5iJ  the  Bafe  of  the  tfl  'rriangrc=a  i.yo.Atf  g.iniiil 
So  is  the  Tangent  of  the  Angle  at  tfaeBale  J»  ef  the?    .  \o 
i/gTriangle=4a.iy.i3  ■ 


^mmmmmm 


To  the  Tangent  o1  the  Angle  at  the  Bafe  D  in  the  ? 

ftcoofl  Triangle==34.ij.o2| ——.-----*.->,--./    9-83  3<>7P7 

Theftme  fwth  the  Angle  CDS  of  the  Triangle  COS  requited.    ' 

Or, 

The  An^JIes  at  i5  an^  C  may  becfu-eiSlyinvefligated,  by  the  hcl]^ 
of  die  4»A  Aiam  Kii  SeShoa  the  6tb,  without  letting  fall  the  Perpen- 
dicuUrC^.    For,  -  *  *^ 

AsS. ^BD+BCiS.  i BD—DC  :  :  ct,|  <5  : t,  f  <$  C—D "j 
diatis. 
As  the  Sine  of  half  the  Sam  of  the  two  Sides  BDuiABCl         ^^  . 


^  ■  '  »«-i 


To  the  Sine  of  ladf  tfaeic  Olffetence:!:  18.17.4}  PH-y^^bg 

So  is  the  Co-tangeniof  half  the  AngId*=n.o7.3(Ji>  io.4«p55j 

To  the  Tangent  of  half  the  Difiecence  of  the  Andes  > 

C  and  i>=43  40.381 ^ :_>   9-97994*9 

mmmammmmmm 

_  :^Dd  ag^JBi 

'    As  t£e  Co^^e  ofBali  thefkiA  of  the  Sides  JBZ)  and  ? 

sc=^z.ii:f^  •  -•  *.^/: — s9'7*osf6i 


•w 


Tb-tfte  C0-  fiheof  half  their  Diflfi:rence=  18.1 7,43  P'P77473  7 

So  is  the  Co^tati'g.  of  half  the  cont*  <^B=i2ioj.^6i  10.412^551 


tfieTingttrir  o£'hai$ 
ingte^C  and*  fl^.y 


Bnt 


x^ 


spherical  Trigonometry, 


But  bccaufe  i<s  c4-0+i<sC-'D=<C. 


If  to  half  the  Sum  of  the  Angles  C  and  !>- 
Be  added  theirhalf  Difference-; — : — -r-^ 


mm 


-^7    5y    4» 


—43  ,  40    3«f 


The  Sum  will  be  the  gteater  Angle  SCD 

And    becaufe  k  <s"cTl>--f<sC^P=<JD. 


■=i2i     3tf    20 


•  *  I 

If  from  the  half  Soffl-of  the  Angles  C  amtD — - 
Be  taken  their  half  Diflerence  — — — — ^— — 


'77.  5  J    4t* 
•43    40    38i 


The  Remainder  will  be  the  leflcr  Angle  CDS «— — =  34    »5    02I 


Cafe  IX.  . 

ExamfU.  si 

Gi^n  two  Sides  aiid  the  contamed  At^le^  to  find  dtber  ofthe 
oppofite  Angtes  f  that  is. 
In  the  ObUquc-anglcd  Spherical  Tnatagle  DCB 

CDC^  50.10.30  9 

^  CB=  40.00.10  J 

^  ' '.    '  .     .  .,-....  .  ... 

The  Sterecgrafhic  SolutioiC 

1.  Haviog  [drawn  the  Primitive 
Circle  CEGA^  the  Diameter  ^£^and 
at  Right-angles  to  it  CG^  fet  off  the 
Chord  of  40  deg.  00  min.  10  fee  die 
length  of  CJ5,  from  C  to  B^  and  draw 
the  Diameter  £iV,|and  at  Right-angles 
to  It  the  Diameter  AE. 

1,  Thro'  the  Point  C  dnw  the 
Great  Circle  CDG  forming  an  Angle 
of  1 21  deg.  35  min.  20  fee.  equal  to 
the  Angle  ac  C,  with  the  PriminVe 

CiFdc 


.  Sph«ric4l  Trigmmetry.  ly^ 

Circle   by  C/ife  the  third  of  Proiltm  the  ninth,   of  SeSiioii  the 
fccond. 

3,  Lay  off  50  dcg..  10  mio.  jo  fee.  the  length  of  PC,  /rom.  C  to 
1),  by  G^  the  id  of  ProUem  the  Ai&  of  &i2/(?».the  5^^,  ,, ',  V  ^ 

4.  Thro*  the  Points  B  and  D  draw  the  Great  Circle  !^DN,  by 
Cafe  the  j^of  Problem  the  ift  oiSeBion  the  z^,  and  the  thing  is  dqrjc  ,* 
and  the  Angle  at  B  may  be  mcafured  by  Cafe  the  idol  ProbUm  the 
\otby  oi  Se^ion  ^e.  td.^ 

,  But  to  determine  the  Quantity  by  Calculation, 
Thro'  one  Extremity  D  of  the  given  Side  DC,  let  fall  the  Perpen- 
dicular DR,  this  Perpendicular,  becaufe  the  Angles  at  the  Bafe  are 
difSmilar,  will  fall  without  the  Triangle,  upon  the  Bafc  BC  pro- 
duced to  R,  and  will  form  two  Right-angled  Spherical  Triangles 
DRB  and  CRD,  Right-angled  at  R^  in  the  firft  of  which  CRD  are 
given,  CD  the  Hypothenule,  equal  to  50  deg.  10  min,  30  fee.  (lie 
Angle  at  the  Bafe  C«  equal  to  58  deg.  23  min.  40  fee.  the  Supple- 
ment of  the  Angle  DCB,  whence  to  find  the  BafeCR,  it  will  be 
by  Cafe  the  /^b  Examfk  the  id,  of  Right-angled  Sfhefical  IriangUs^ 

As  R  :  c  s,  <^C :  s  t,  CD ;  t,  CR ;  that  is, 
As  the  Radius  ■  ^  > .  ■      ■  ■    io.oooopoo 

To  the  Co-fine  of  the  Angle  at  the  Bafe  C=58.a34o — p.7193880 

So  is  the  Tang,  of  the  Hyp.  or  Side  CD=jo.io.3o  ro.0788818 

^  '  •  

To  the  Tangtnt  of  the  Bafe  CR=:3a.o8.5o  —  p.7p82i^< 

The  Bafe  CR  of  the  tfi  Triangle  CRD,  equal  to  32  deg.  08  min. 
50  fee.  added  to  40  deg.  06  min.  10  fee.  the  SideCB  of  theTrian^e 
JDCB  (becaufe  the  Perpendicular  £ills  without  the  TriMgle^  will 
give  72  deg.  09  niin.  00  fec«  for  the  BafeBR  of  the  ti  Triangle  BRl^. 

Again,  becaufe  the  Bafe  BR  of  the  id  Triangle  is  given,  co  find 
the  Angle  at  the  Bafe  B,  it  will  be  by  the  2i/  Cafe  of  HightgMgki 
^berical  Triangles^   • 

In  the  lyZTriangle  CRD,  AsS,  CR  :  R  : :  t,DR  :t,<C  And 
la  the  id  Triangle  BRD,  As  S.  BR :  R : :  t,DR  :  t,  <B. 

But  becaufe  the  two  middle  Terms  in  each  Proportion  are  the 
fame,  they  may  be  rejeded  i  and  the  other  two  will  be  reciprocally 
prop6roonal|  by  the  x  atfr  Cor.  of  the  i^tb  Cfeom.  Prof,  of  Part  the  ift. 

Bbbb  As 


'     > 


,  ^4  Spheriat  Tr't^mtry. 

AsS.  BRi^CR''''  t.  <C"  t,  <B ;  that  is, 

As  the  Sine  of  the  BafeBRof  the  flrfr  Triawgtej;  P.978J74, 
=7».o.5).oo  ' 


rt»*i^MMiMMM«i*iBaM  ■■k*aMiitfMi*iM«>*ai*««Bdtai^BMtf  % 


To  the  Sine  of  theBafc  C/l  of  the  a^/Triaoglej  ».b8.  jo— 9-7»59y«5 
So  is  the  Tangent  of  the  Angle  at  rhe  Bafe  C  in  i  ^^  j,o88<?5 
the  ift  Triangle=58.z3.40 ; ' f 

To  the  Tangent  of  the  Angle  B at  the  Bafe  in  Aefe-7    ^.g,g,o2« 
cond  Triangle— 41  deg.  15  mm.  13  fee.  i -*  X   ^  ''  ' 


■I  ■     ■ 


Or  the  Angle  CfiD  of  the  Triangle  jyCE ;  which  Angle  at  B 
becaofe  the  Bafe  BR  ia  lefs  than,  a  Quadrant,  isi  fimilat  to  the 
Angle DCH,  and confequently Acute.  ,      .,         .      ., 

By  comparing  the  two  Examfhs  tc^ether,  it  1$  evident,  diat  if 
the  Perpendicular  falls  within  Ac  Triage  as  ia  the  xfi  Exan^e,  Ac 
Bafe  of  the  6rft  Triah^e  taken  from  the  Side  of  the  Tciang^  fim 
given,  upon  which  the  Perpendicular  &U$  gives  the  Bafe  of  the  fecood 

fot  BD—SR=DR,~hat  if  the  Perpendicular  falls  without  die 
Triangle  as  in  the  id  Exatt^U,  then  the  Side  of  the  given  Triam^ 
upon  which  the  Perpendicular  £Uls,  taken  from  the  Bafe' of  the  fitft 
Triangle,  will  give  the  Bafe  of  the  fecond  Triangle  j  iwBC-i-CR 

H  the  Bafe  of  the  firft  Triangle  be  J^^^  }►  than  the  Side  of 

the  given  Triangle  upon  which  the  Perpendicular  £aUs^  then  the  An- 

gk  oppofiteto  the  Perpendicufcu:  ihall  be|  ^J^^i^y  J  to  the  Angfe 

given ;  that  is,  if  die  Side  £D  as  in  the  tftEaeamfltt  be  greater  than, 
the  fi^  BRy  the  An^leat  Z>  will  be  fiaailxr  to  the  Ai^leat  B,  but 
if  the  Bafe  BR  be  greater  than  the  given  Side  BC  as  in  the  fecond 
Emn^lti  then  the  Angle  at  27  will  be  diflimilar  to  the  Angle  at  H. 

Cafe  X. 

Given  two  Sides  aod  the  cootaiAed  Angle;  to  find  the  .thtrd 
Side.  .        - 


-_— -l 


^m/t^, 


'  I 


pf 


'  i  ^ 


t  _ 


«         ^»  '•*       .        V  ^       m      .         tt. 


"  Itt  the  Obtiqac-augM  5pterical  Triaflglc  /?(^    '  ,  " 

*•  ^C=  40.00.10  ^ 
The  SferetgrOfhie  Solution. 

This  Cii/e  is  Conftruftcd  after  the 
fame  manner  as  the  j**  C^,  and  the 
Side  PC  may  be  raeafured  byOiAthe 
j^of  Pr»*..tbe7«*,  of  &5.  the  a4- 

But  to  determine  the  Length  by 
Calculation; 

From  C  the  End  of  the  |^ca 
Kdf  CS,  let  faU  the  Per^ndicukw  - 
rAr«h»  Pci^dkular  beeauft  it  Wis 
within, wiU  divide  theOblique-angled  .        79 

Triangle  fitft  given,  into  two  Ri^t- 

anded  Spherical  Triao^e*  .BiRC  and  ,   -  - ... 

DRC  Right-angled  at  A,  in  the  firft  of  which  BRC  are  given,  C5 
the  Hypothcnufc,  equal  ro^dqg.rooiDin.io  fee.  the  Angle  fi  the 
Angle  at  the  Bafe,  equal  to  41  dcg.  i  j  min;  i|  feet,  whence  to 
find  the  Bafe  BRy  it  wilj,bc  by  id*  id  ExamfUoirhi  ^b  Cafe  of 
Rirbt-amled  Spherical  7riaiigks:  ,     ^^      .   ^^ 

As  the  Radius —7— -loxj^ogggo 

To  the  Co-fine  oftftc  Angle  at  thfeWeB«4».»Mjl    9^9Ufk 

So  is  the  Tangent  of  the  Wypr^hgnrife  itC=4o.oo.io  9.9ii9S6i 
To  the  Tangent  of  thcBafe  BR=i  ii<^'    '  '  -?7?^^907 

Uftom  DB  the  Side  of  the  gWeh  Triangle  equal  to  7<J  d^-  3  5 
min.  3<J  lee-  upon  which  the  Perpendicular  fall^  ^jf'fl^^^ 
BR  of  the  fitff  Triangle,  equal  to  31  dcg.  50  mm.  4^  fee.  theK  wU. 
nanwii  the  Bafe  Oil  of  tfcp.^  Txianglc,  equal  to  44«»'  44  «» 

*^S5ir^.  b^^  Mc  V  the  j^  Tri^gle  D^h^^ 
to  fiad  0e  l»ytwHeo»ire;;4r.v^  bp  by  Cafe  the  i)?  of  i^/i*^•««»'« 

^trhiT/TtSgleSI«:,Asil:cs,CR: 

In  the  iSTriangle  DRC,  As^^  JJ;^/'"^?»£^'  "'^here^ 


Wherefore  htCkvS^  thecvo  firft  Tetpisio  each  Proportion  are  the 
fame^  the  other  two  will  be  dircdly  proportional,  by  the  nth  Cw,  of 
the  X  ^th  Gt9m^  Prti.  of  SiBim  the  2 J  \  that'is^  * 

As^C  S^^H  :  C Si  D/l  :• :  C  S,  SC :  c  s^J^C;  that  is 

As  the  Co-fine  bt  tte  Bale  £i{  of  the  lyl  Triangli;  t 
JTo  the  Co-fine  of  the  Bafc  i?iJ  o\  the  2//  Triangle  1      o  ^ 


So  is  the  Co-fine  of  the  HypothentiTe  'BC  of  the 
i/Triangk '^    .    . 


^— »» 


JTo  the  Co-fine  of  the  Hypothenufc  DC  of  the  2d  Tri- 
jangle=  50.10.30 


f    9.8*4ZJ53 

19^054817 


Or  the  Side  DC*of  the  Triangle  2?Ci5;  .        I  .   ,     1 
TheSide  DC  might  have  beeniomid  by  the  help  <^f  the  ^d  and 
'i^h  Axioms  ofSeBidn^xhc  6tjb,  without; letting  fail  the  Perpeodiciir 

For  having  Jbund  the  An^e  at  D  or  C  by  the  ^$b  Axkm^  thie 
Side  DC  mighc  have  been  found  by  the  id  Am^ 

Given  wo  SidtA  i^  the  Adgle  concamcd,  to  fiiid  the  tfaiid  Side  ; 
thati^     '■    '•     •  •  

In  the  Obtiqae«)gledSphetic«l  Triangle  Z>Ci» 
'  -  ^OC=  50.10.30  7 

A«  giwo<5:;C==iaMtf.4o  rreq.  JDA 

S  •oC—  40.Oa.xp  •*.    , 

C  j^  ■•.... 

Tikc  &erei^aphic  Solution^ 

ThfeCi!/«  is  ConAraaed  after  the 
fame  ^^ani^er  'as  the  id  BxaH^h  q{ 
the  9tk  CAjif  iwi  the  Side  DB  may 
be  mieafuKd  by  Caff  i^^d  ofPro- 
^km  the  7th,  ijiStWti  the  ai^ 


-  I      " 


-»      '  Cj  ♦w  ^ 


JBac 


spherical  Trigonometry.  i 

Bac  to  deceimiQe  the  Length  by  Calculatidn » 
From  B  the  Extremity  of  the  given  Side  BC^  let  fall  the  Perpen- 
dicular BRy  this  Perpendicular  bccaufe  it  falls  without  the  Triai^le^ 
will  form  two  Right-angled  Spherical  Triangles  DBR  and 
CRD  Right-angled  at  H,  in  thefitft  of  which  BRC  are  given,  BC 
the  Hypothenufe,  equal  to  40  deg.  00  min.  10  fee.  the  Angle  C  at 
the  Bate  equal  to  58  deg.  2}  min.  40  fee  the  Supplement  of  tho 
Anglc.DCB,  whence  to  find  the  Bafc  CRy  it  will  be  by  Cafe  tjie  4^6 
Example  the  id^  of  SeSiioH  the  2d  ot  Righ-angkd  Spherical  Irioi^ks^ 

As  R  :  C  s,  <C :  ;  t,  CBx  t,  CR  ;  that  is. 
As  the  Radius'*—^ '***'*"— *     .  '     ■■  *         ■       xo^ooooooa 

To  the  Co-fine  of  the  Angle  atthc  BafeiC=s8.2340  9.7193880 
So  is  the  Tang,  of  theHypoth.  Side  C-B~40.oo.10- ;p-p2385tf'J 


i«Bi«aa.«iMMi^B.  MM 


To  th^  Tangent  of  the  Bafe  0/1=13.44.211— —9.(f4}244^ 

■i>       ■  ■         ' 

The  Bafe  CR  equal  to  23  dqg.  44  mia.  n  fee.  |,  added  to  the 
Side  DC  equal  to  50  deg.  10  min.  30  fee.  cives  73  deg.  54  mio.  ji< 
fed,  for  thf  Length  ofthe  Bafe  DC  of  me  a^f  Triangle,  (becaufc 
die  Perpe&dicular  falls  within  the  Triangle.) 

And  becaide  die  Bafe  BC  oi  the  2d  Triangle  is  given,  to  find  ther 
Hypochenufe^  it  wiU  be  by  Cif/i^  the  ifi  of  Right^ngled  Sfbericak 

Triangles, 
In  the  I)?  Triangle  BRC,  As  R  tcs,  BR :  :  csfiR :  c  $,C^»  And 
fothe  2^  Triangle  D^jRt  As  it:  cs^ii  ::cs,  Dil  :cs,DB» 
^  becaufe  the  two  firfl*  Terms  in  each  Propotdon  art  the  fipne^ 

they  may  be  rejeded  1  and  the  ocbers  wiU  be  diredly  proportional^ 

by  the  I  itb  Car.  of  the  1  $fb  Geom.  Prof,  of  Part:  the  ijt  ^  that  is. 
As c-s,Cil:  cs^DRziQSyCB  :  cs,  DB ;  wherefore. 

As  the  Co-fine  of  the  Bafe  CR  of  the  ifi  Triangle  |   ggg^^o^^ 
=23 .44.^  xi     '   "  ■   '  ■  ^   y-y  4i 

To  the  Co-fine  of  the  Bafc  Dit  of  the  2d^  Triangle?  g^^^g?! 

=73.^4,5  il    ■  '  '    -' ■   ■ -T y  ^^  ^^^ 

So  is  the  Confine  of  the  Hypothenufe  CB  of  the  firft^       ii42ii€z 

Triangle=4o.oo.io -i— ^ '^-^ —  ^  9^  ^  ^ 


mmmmmmmmmam 


T»tbeC»:fiaeoltlifiHyp.2>JJof  the  a<I.Tii.=7^35-3^  p.3<55i>7i 

Or 


i^t  spherical  Trigonometry. 

Or  the  SidtPB^  required  of  the  Triangle  DCB. 
The  iPerpcmlicular  BR  might  have  been  let  tall  from  the  P6mt  D, 
andhthe  Operation  would  have  been  the  {ame,  only  changing  CB 

for  Ct>i 
By  comparing  the  two  £yAiM^/ip/ together^  it  is  evident,  that  t( 

the  Perpendicular  falls  within  the  Triangle  as  in  the  ift  Examftey  the 
Baie  of  the  tfi  Triangle  taken  from  the  Side  of  the  Triat^  DCB, 
upon  which  the  Perpendicular  falls,  will  give  che  fiafe  of  the  2d  Tri- 
angle ;  for  DBSR-DR. 

But  if  the  PerpendtCutbr  fall  without  the  Triangle,  as  in  the 
td  Example y  then  the  Side  of  the  Triangle  DCS  upon  which  the 
Perpendicular  falls,  adde4  to  the  Bafe  ot  the  firft  Triangle,  will 
give  the  Bafe  of  the  fedond  Trian^e.    Tot  DC  \  CA:=:pk. 

If  the  Bafe  of  the  td  Triangle  be|  JjJ?*^^^  }.  to  the  Perpend^ 

Cellar,  or  its  oppoHte  given  Angle,  then  ihall  the  required  Side  be 

accordingly  {grater}  **^*^***^ 

Cafe  ia. 

Giita  the  ttutoeSidcS)  to  fiodttitherof  che  Angte$< 

•  • '  ^-  •   -Bxitfff§im   '     • 


'    • 


In  tbe  OblktoMMgiedSpherieal  Ttlangfe  DCB, 


1.  Having  drawn  tiie  Primitive  Circle  jICEG^  the  Diameter 
AE^  and  at  Right-aneies  to  it  CG,  fee  off  the  Chord  of  ^de^  00 
mip.  10  fee.  tbe  length  of ^BC  fbom  B  t^  C,  and  detw  the  Diuie- 
ter  BNy  and  at  Right^angleg  to  it  FH, 

2.  About  the  Point  B  at  a  Pole,defcribe  a  Small  Circle  at,  at 
thedifbince  of  y6dtg.  35  mio.  )<;  fee- tbe kf^thnf the  Sicte  JZ7, 
by  C^tbe  2d  m  PMUm  the  4th,  ofSeUm  the  2d. 

2.  About 


Sphmeal  Trlgpmmttry. 


IP9 


|.  About  the  Point  C  as  a  Pole^ 
ilcunbea  Small  Circle  as  sm,  at  che 
diftancc  of  ^o  deg.  lo  min.  30  fee. 
the  length  of  the  Side  CD,  by  Cafe 
the  2d  clPrMm  the  ^ith,  of  Se£{ion 
the  2dt 

4.  Thro' the  InterTeftion  D  of  the 
Parallels^  a  h  and  sm  and  the  Points^ 
and  Cdraw  twoGreiK  Circlet  BDN 
and  CDG,  by  Cafi  li  of  Proi.  the 
fjl  oiSeBim  the  ai/,  and  the  thing  is 
done ;  and  the  Angle  at  B  may  be  xneafured  by  Cafe  the  ul,  of  ?ro^. 
the  loth^  ofSeBicn  the  2^  ^ 

But  to  determine  its  Length  by  Calculation. 

Hwing  kt  lall  the  Perpendicidar  CR  it  will  be,    .     

1,  By  Axiom  the  6tb  o£SeB.  the  6ti,  As  l^iBD  :  t,  i  DC-^  CB :  s 

tyhDC—CB :  t,  f  DH— /{C;  that  is. 

As  the  Tangcntof  the  half  Bife  SZ>^38.i7*48 =^^5^8974390 

TodK  Tangent  ol  halitheSom  o(  the  two  Sides  7  ,^  «^.,,„ 
So  is  the  Tangent  ofhalftJiieir  DifleKnce=o5.o5.io—— 8.P494058 
To  the  Tangent  of  half  the  Difference  of  the  Seg- 1 


mentsDil  and  iSC^tf.sy.os 


*wa 


Thishalf  Dilierenoe  of  tfaeSegmentsequal  to  tfi  deg.  lymin.  i  fee. 
Abftuded  from  the  half  Sum,  equal  te  liatf  the  ^e  DB,  equal  to 
38  deg.  17  min.  48  fee.  (becaufe  the  Perpendiciilar  CR  ialls  widioiit 
fbeTnaogle)  wil  kaw  3 1  deg/  $0  min.  46  Uc  &r  the  k&t  Segment 
Oft,  or  Sa<e^  the  Tmoglc  CRB. 

And  becanfe  in  the  Right-angled  Spherical  Triangle  CRB  there 
MB  p¥€n,  the  Hypothenufe  CB  eqaal  to  40  dtf.  s>o  min.  10  fee.  and 
tbe  Safe  CR  equal  to  3 1  deg.  50  min.  45  fee.  it  wtt  be  to  find  the 
Angte  at  the  Bafe  B,  by  the  id  Examfle  of  the  lubCafe  of  iiiigibr* 
M^d  SjfkirkalTrUunlesj 


As 


ioo  ■    SpheriatlXyiionomitry,.  * 


As  R  :  c  t,  BC  :  :-c,  CR?  c  %<3  ;  that  is, 

Asthc  Radius  <        ■     '    .iwium  to«ocooboo 

To  the  Co  tang,  of  the  Hyp.  or^Side  BC=r40.oo.iO'*— 10*076143^7 

So  is  the  Taagenc  of  the  Bafe  CR  =7  31. 50*45     ■  ■ p-75^3  i^oj 

TotheCo-fine^ofthc  AngleB  at  the  Bare:7^.i5.i3f — ?'85p3344 

Or  the  Angle  B  of  the  Triangle  DCB. 

But  the  half  Difference  of  the  Segments  DR  and  RB>  equal  to 
6  deg.  27  min.  02  fee.  added  to  half  their  Sum  equal  to  half  DB,  e- 
qual  to  38  deg.  17  min.  48  fee,  will  give  the  greater  Segment  DR 
44  dg.  44  min.  50  fee  whence  to  find  the  Angle  at  D,  becaufe  the 
Hypothepufe  DC  equal  to  50  deg.  10  min.  30  fee-  and  the  Bafe  BR, 
equal  to  44  deg.  44  min.  50  fee.  in  the  Right-angled  Spherical  Tri- 
angle DCR  are.given,  it  will  be  by  the  2d  Exanfle  q( the  nth  Cafe 
of  Right' ft^kd  Spherical.  Triangles^ 

AsR:  ct,  DC:  :t,DR:cs^<CD;  that  is. 

As  the  Radius  n  n  1  ■         '16.0000000 

To  the  Co-tang,  of  the  Hyp.  or  Side  DC^yo-io-jo 9.0211182 

So  is  the  Tang.of  the  Bafeor  Segment  BR=:44.44.;o  9.99616-/^ 

To  the  Co-iiae  of  tlic  Angle  at  the  Bafet)=34.i5'02|— 991728^1 

Or  the  Angle  D  of  the  Triangle  DCB. 

Again, 

».  If  from  P  one  Extremity  of  the  Side  DB,  a  Perpendicular  as 
DR,  be  let  feU  vpaa  the  Side  BC  produced  to  R,  it  will  be  by  Ax, 
the  6th  ofSeB.  the  6tb- 

As  t,  t  BC :  t,  f  BD-f-DC  J  :  t,  DB~»DC  t  t^BR-fRC  $  that  is» 
As  the  Tangent  of  half  the  Bafe  BC=ao>oo.o;       '   9.561097^ 

Tothe T.of the ^Sumof the£idesDB& DC=^2.a9.3  io.aoootfo4 
SoisthcT.offDif.oftheSidesDB&DC=i3.ia.5|  9.370S44I 

Totbc  T.ofitheBafesorS^.BRaod  RC=ja.8.jy  lo-io^^i;; 


If 


\ 


spherical  Trigonometry,  2  o  i 

If  td  half  the  Sum  of  the  Bafcs  or  Segments  BR  and  RC  equal 
to  Ji  2  deg.  oSmin.  yy  fee.  be  added  half  the  Bafe  BC  equal  to  20 
dcg^  GO  min.  oy  fee.  the  Sum  72  deg.  op  min.  00  fee.  will  give  the 
greater  Bafe  BR,  whence  to  find  the  Angle  B,  becaufc  in  the  Right- 
angled  Spherical  Triangle  DRB  Right-angled  at  R,  are  given  DB 
the  Hypothenufe,  equal  to  7<Sdeg.  jy  min.  3<Jfec.  and  the  Bafe  BR. 
equal  to  7  a  deg.  09  min.  00  fee.  it  will  be  by  the  idExainple  of  the 
I2tb  Cafe  of  Right-ait^ed  Spherical  Triangles y 

As  R  :  ct,DB  :  :  t,BR :  cs,<;B;  thatis. 

As  the  Radius '  >.    — ^10.0000000 

To  the  Co-tang,  of  the  Hyp.  otSideDB=7tf.3y.3tf— . — ^9-377»270 
So  is  the  Tangent  of  the  Bafe  BR=72.opx)o  — 10.4921057 

To  die  Co-fine  of  the  Angle  at  the  Bafe  6=34.15.131— 9.g<$93j37 

The  finnc  with  the  An^e  B  of  the  Triai^e  DCB. 

Again,  if  fJNW  half  the  Sxxm  of  the  Bafes  or  S^ments  BR  and  CR, 
eqaal  to  y  »  deg.  08  raia.  y  y  fee  be  taken  the  halfof  the  Bafe  BC,  c- 
qualtoiodeg.  oominroyfcc.  there  will  remain  3  2  deg.  08  min. 
yo  fee  for  the  length  of  the  Bafe  CRof  the  Triangle  CRD,  whence 
to  find  the  Angle«t  C,  it  will  be  (becaufe  the  Hypothenufe  DC  is- 
equal  to  yo  deg.  10  min.  30  fee.  and  the  Bafe  CR  equal  to  32deg.- 
08  min.  yo  fee  by  the  id  Example  of  the  iitb  Cafe  of  Right-ai^led 
SpbirHal  tria^fesy  . 

AsR:  ct,  CD  !  :  t,  CR  :  cs,<C;  thatis. 
As  the  Radios'      ■      ■  '■  .      ■       t oj 


TotheCo-cangentoftfae  Hypothenufe  or  Side  CD?  ^  ^ 

=yo.oo.io  ■  ; JP-^a"«» 

>  is  the  Tang,  of  the  Bafe  or  S^ment  CR=  32.08.  $0—9.798  2^98 
To  the  Co-fine  of  the  Aogleac  the  Bafe  C=$8.334o  9.71^3880 


■^"^ 


Whofe  Supplement  CO  a  Semicircle  m  deg.  35  min.  10  fee.  is 
the  Ao^e  C  of  the  Triangle  DCB  required. 

Again, 
3.  Becaufe  by  the  aJ  Ctr.  of  the  ^tb  Axhm,  of  Semw  the  6tk 

d«S£CxS3D :  Ry : :  S.P^-^^-^^?^RDxS.  P^fBC-fBD 

BC:Sq,t<B,itwinbc,  *  * 

Cccc  A$ 


jQj^  Spherical  Trigonometry,  ^ 

As  the  Prodoa  of  the  Sine  of  the  Side*  BC  &  BP*-*-^  1979^91? 


To  the  Square  of  the  Radius—-- ——7 «>•' 

So  is  the  Produa  of  the  S.  ot  the  f  Sum  of  the  »'«« I  ,8.909745* 
Sides  leflcncd  by  each  of  the  containing  Sides  — f 

To  the  Square  of  the  Sine  of  half  thecont.<B= — ipuatfji^ 

The  half  of  which  Square  will  be -r— ■9-5J*8aj9 

The  Sine  of  ai  dcg.  07  min  jeJ  fee  i,  whidi  being  douUed  gives 
4a  deg.  15  min.  13  fee  i,  for  the  Angle  DEC  required. 
^  i^ain, 

4.  Becaufe  Jby  the  ji  C«r.  of  the  jtb  Axiom,  of  Ae  6ib  StUittu 

-^  X  ^  S.  2=BC>cS.  Z=BD=Sf  I  <B. 

To  the  Arith.  Compteoew:  of  the  Sine  of  BCs=40xx>.io  0.1919074 
Addthe  Arith.  CompU  of  the  Sineof  BD=7tf-3  J'J^— "'<^»i999J 
Alfod^sSofthetalf  Sum  leffeaedby  BC=43-»».58  9.83*5874* 
And  the  Sine  Of  the  half  Sum  Icfiacd  by  BDi=tf474»— 9«7»87»» 

HalftheSom  of  defe  foatSiocs       "  i^n  Xi6%t9 

Will  be  -'        -  ^5  5^*5 » 

The  Sine  of  4i  deg^'  07mm.  jtf  fee*,  ^hich  bengiiouUed  gifct 
4a  dcg.  15  min.  safec.i,  fpc  the  Angle  DBC  lequircd. 

5.  Becaufe  by  the  4*A  Cw.  of  the  7**  i^xiom,  of  SiSlim  the  ft*,' 
the  ?=J^^^:S.Z::5C::S.Z=BD:  ^S^'  kwiDbc, 
As  the  Radios' "  ■    ri  i  *"  '  - '  ■"  *^ 


To  the  Sine  of  om  of  the  oom;  Sides  BCS4A00.  r  o  -— p.8o8o9«5 
So  is  the  Sine  of  the  other  cont.  Side  BD«=75-3  j-3<5— 9^9880007 

To  a  fourth  Sine  ^*—*> \\  '_, '-  i f'L .'i'  "  »«79<^33 


As 
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As  t3ie  foarth  Sbc  *    ' .  1  ■■  ■  ■  ■  p,7ptfop j  3 

.  TothcStncdfthchalf  8omle&ncdbyBC=4i.M.58  9.8^58740 
So  is  theSmc  ofche  half  Sam  leflcnedby  fiD:rtf.47^3  3—^.072871 2 

To  ft  ScTcnth  Siflc  ■  ■  <*** '*P>ii3<?5ip 

.  To  which  add  the  Radius  10.0000000 

— —  9^» tm    m 


•010m 


Half  that  Sum  will  be ■y;55<Si5g 

The. Sine  ot  21  dcg.  07  min.  jtf  Ice.  f  the  half  of  the  Angle  B, 
which  beiDg  tfaerefoi^  doubled  s(ves.4^deg.  ijmin.  13  fec<  t^  foe 
the  Angle  at  B  required. 

Again,  * 

6i  Becaufe  by  the  31/  Cor.  of  the  %tb  Axiom  of  J^^ioiv  the  6ib^ 

u    c   ui-  c  Tin   p        S>BC-^BD4:DC  ^^    BC4BD-hDC 
the  S.  BCxS.  BD :  Rq  :  : ^  xS*   ■ 

~DC:<;sj,|<BjMtwlllbe,  - 

AsthePMaa^bfthcSffie9ofthetwidSidesBGarBD  tsh/t9*^l 

To  the  Square  i>f  the  Radiog  ■  ,  ao>o^fboooo 

So  is  the  Prod,  of  the  Sines  of  the  JSum  of  the  three  I  ,^-a  *xric* 

Sides  and  their  |  Sum:lcl&ned  by  ihe^Siac  oppofitfe  J  ^*^^ ^^^'^^ 

To  the  Square  of  the  Co-fine  of  half  thcAagfe  F^-^xpiJiysifj^ap 


n  .idy 


The  half  of  which  Square  will  be  ■  ■  i      ,i.     „— 'f»y^P78i4 

The  Co-fine  of  a  I  deg.  07  min.  35^60.^  which  being  doubled 
^ves  42  d^.  15  min.  ij  f^  for  the  An^e  DBC  required^ 

Acain 

i.  BecanTe  bytlie.4>i&  C^r.of  »e  itb  Axiom,  of  .Sr^lfW  die  ^, 
— L  >,  JL  ■  ^  DC+DB-hBC  .  DC-l-DB-f  BC     ^^ 

C€C€  t  To 


204.  Spherical  Trtgwmietty. 

To  the  Arith*  Compl.  of  the  Sme  of  llC=:4o.oo.  lo  ^^^^^o.  1^19074 

Add  the  Arith.  Comp.  of  the  Sine  £D=76.i$.i6  • o  0119993 

Alfo the  Sine  of  the  half  Suin=83.a3.o8 — ' — 99970996 

Ana  the  Sine  of  thehalfSum  lcffcnedby2>C— 33.12-38  97i^5S^ 

Half  the  Sam  of  thcfe  four  Slne^         "m  i99i9S^*9 

Will  bc-^-       '  " —  9.9^^7814 

The  G>-fine  of  21  deg.  07  min.  36  fee.  f,  which  being  doubled 

gives  4»  dcS'  'S  '°^'  i3  ^^^'  ^»  ^^  ^^  ^S^^  DiSC  required. 

Again, 

8.  BecauTe  by  the  ^th  Cor>  of  tiie  Stb  Axknit  of  Seuim  the  6tb, 

.    &  BCX&.  SP        DC+DS+BC        DC+DS+BC 

«atL<£ritwillbe 

As  the  Radius ^^ — "         '      ''''~~    ■"'»•' 


To  the  Sineof  oneof  the  coot.  Sides  BC=40jOp.io— 9.8080915 
So  it  dvs  Sine  oi  die  other  cont.  Side  BD=76.i  f«3d— ^9.9880007 


imm 


To  a  fourth  Sme  equal  to       '  '  '       .  9'79^o9ii 

As  the  foutdi  Sine  '•'"'"  '  r         979^9i  I 


mm 


T6  the  S.  o(l  the  Sam  of  the  three  S!des=:83.23.o8— 9.PP70996 
Sals  the  S.  of  the  f  Sum  leffcned  by  DC=  3  3.1  a.  3  81—9.73  85  s<Jtf 


«•■ 


.  .To  a fcycnth Sine  ■■  ■  -  19.9^26619 

To  which  add  the,Radius         ■!    ■      .      i'        ■      '10.0000000 

Half  that  Sum  '  ■  *  19.932662^ 

Will  give  ^  ■■"  9^969111^ 

The  Co-fine  of  ix  deg.  07miii*  36  fee  f,  which  being  doubled 
gives  42  deg,  15  min*  13  fee.  i^  for  the  Quantity  of  the  s^gie  Z>j9C 
required. 

Again; 
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Again, 
^  Becvile  bjr  die  totB  Cor.  of  the  Ztb  Axiom  of  &A'ok  the  6/i&,. 

^  j>  _~-  xS'.  ^xS.  £=t*,  KA 

s.  z'^s.x  '  V 

Xo  the  Arith.  Comp.  of  the  Sine  of  half  the  Sum  of  i 

thethteeSides=83.i3.o8 X   <'-oo2S»oo4 

AAd  the  Arith.  Compl.  of  half  the  Sujn  of  the  three ) 

Sides lellcaed  by  theSide  oppofitcs35.1a.38 f  <>»»o*443+ 

Alfo  the  Sine  of  the  half  Sum  of  the  three  Sides  lefr7  ^  •  ^g 

fcned  by  one  of  the  containing  Sidess43.22.58 — 5  >''*i°^/4'> 

And  the  Sine  of  the  half  Sum  lefTened  by  the  other  I  „ 

coottiningSide=tf47.34 ^ r-^r  9072«7" 

Half  the  Sum  of  Acfe  four  Sines-  !  ■■  —rp.i  740850 


-»«■ 


Will  be  ■  '      — 9-587944? 

The  Tangent  of  21  deg-  07  min.  ^6  fee.  f,  whichiKiog  doubled. 
^1  give  the  Aog^  it  B  equal  to  42  deg.  wf  utin.  1  j  fee  i 

Again, 
10.  Becaufe  by  the  tub  C^r.  of  the  ithAxiwti  of  5ififlr0»  the  5tA, 

d«S:*^^:&^::S.£:'-2^itwmbe 

AkS  the  Radius       ■     •  '  '  im   1  'lo^ooooooo 

To  the  S.  of  half  the  Sum  of  the  three  Sides  83.2^.08'  9.35709^5 
Sois  theSine  of  thehalfSum  kflcned  by  jDCs^jj. 12.38  9'7iS^$66 

To  a  fourth  Sine- -— —      **    ■ P*73  j  ^5  ^  ^ 


■«>• 


As  the  fourth.SIne-    T '  ■  ■  ■  "  ,  ■  ,    ■  ^73y^5<^2 


,  V  —      —  — 

iSine  of  Ithc  half  Sttm  Icffencd  by  one  of  the  1       g.  ^g- .  ^^ 
ining  Sides  ^€=45.22.58 ^        ^ 


To  the 

contauunL 

So  is  the  Sine  of  the  half  Sum  Icffencd  by  the  other  V    li  ^^-^  q^  t 
.  contamingSideDJB=(f.47.32 ^    ' 


Toa fcventh  Sine  ■  ■„  „  _     v  ,    "  — 9*i74o8po 

Ta 


To  whichadd  the  Radius  — — ^r—  — — — lOj 


•  -•  *  •••Tl!« 


■tTP-— ■—■!         ■!    ■    » 


Half  that  Soni'                        ■                       —  — 19-1746890 
Will  be '^ ' — ^•587944? 


»■"  ■■ 


The  Tangent  of  a  i  deg.  07  min.  $5  fee  t>  the  half  of  the  repaired 
.    Angle  B  equal  «q  4a  dcg-  15  niin.  i  j  fee  i. 

AKun, 
IS.  fiecauA:  by  the  131^  (V.  of  the  ith  Axhmt  otSeSOtu  W6tby 

the  cf^  X -|^  xS.  ZxS.  A:^c  tj»  *  ^jB- 

To  the  Arith.Comp.ottheS.of  ItheSumolthetfereel  ,^.»,/« 
Sides  leflcned  by  one  of  the  contSidcs  ^0=43.22.58  i°-"^"**° 

Add  the  Artth.  Comp.  of  theS^ef  the  i  Sam  of  tht  three  J  _  .0 
Sides  teffened  by  the  other  cont.SidcBO=<5.47.4a—"'  '^  ' 

Alfo  die  S.  of  the  half  9nm  of  the  three  Side8gg8y.«y-.o»  f  .ft^7Q$)9tf 

And  the  S.  of  the  half  Sum  kifcned  by  00=33.12.38 — 9'7i^5S66 


•*< 


Half tbeSom pfthfife fiwr Sicics  ■»"   >  .M..t  ■M'j»os&a5yMO 

*■  ■ 

[^M >■    II       ■  I    III »n^i\lMii    I  I  mi g|lH.^Q«4I  19  J  J  5 


■■■ 


The  Co-tangent  of  2  r.7.3  cr^.  half  the  «oataiaed  Ang^  M  feqwrcd. 

•  Again^  , 

11.  Becaufe  by  the  I4«j&  Oor.  of  the  9th  Axitm  oiSe^oH,  ^e  ^, 

the  ^-i^:  s.  2 : :  s.  ;r :  ^^H^ it  wi»bc 

As  the  Radius*  '  '  '       "^io»oooooott 

To  the  S.  of  I  the  Sum  of  the  three  Sides  leifened  ;by  7      g,^  j-^^ 

.BC=:43.i»;58  ■ -r — ' —  .,   ^    > 

So  i«  thcSine  of  the  f  Sum  leffened  by  the  Side  BDl    5.07,871a 


To  a  fourth  Siac  '  » '"i'*  .^^ 


■PPM 


Am 
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As  the  fourth  Sine-  ■       8.^09745 » 


To  the  S.  ofhalf  Ac  Sum  of  the  three  Sides  Ss^aj  .08  p.ppyojiptf 
So  is  the  Sine  of  the  halfSum  letfeaedby  DC=ii.ii  i^  9-7i^5i^^ 

Xo  a  fercnth  Sine                               ■     .             "-^i  0.8  a  5  p  1 1  o 
To  which  add  the  Radius •-— '• :  10  0000000 

Half  that  Sum     ■       ^ .— -20^825^110 

Villfac  ■  10.4129555 

The  Co-fifie  of  ai  deg-  07  min.  35  fee.  i,  the  half  of  the  Angle 
DBdfcqasd  tQ  42  deg.  1$  tain.  13  fee.  i  required- 

CafeXII. 

Oiveo  the  three  Ang}e$>  to  find  either  of  the  Sides;  * 

Example 

Ja  die  OblKVie^uigled  Spherical  Triangle  DCB 

r<JB=  42.x  5. 1  si  A 
Atfgivens<C=  1z1.s6.20Lttq.SC 


The  St^ecgrifbic  Solution. 

il  Having  drawn  the  Primitive 
Oide  CAGEj  the  Diameier  AE^ 
and  at  Right-aneles  to  it  the  Bia^ 
meter  C(?i  thro  the  Point  C  draw 
the  Great  Cirde  CDG^  formk^  aft 
Afif^  of  111  deg.  36  min*  aoXec 

8ualtQ  theAngle  C  with  thePrimitive 
tAeJby  Cafe  the  ^4  of  Prcl.  die  s^l^^ 
oC&£F.  Ae  2^1  and  find  thcPole  P  by 
Crfe^MidcSProb.  id  oiSeB^  the  2^. 
a.  AU>ut  the  Pefe  t  deficribi  a 
SmaU  Circle  fjr»  at  the  difhmce  (rt 
34^  i»iBiii.  01  fee;  l»  equal  to  tfae.Qmatky  oftfae  An^B»  by 

.      '       ^    ^  i.  About 


iix^Z  Spherkdl  Trigonometry. 

3-  About  the  Center  of  the  Primitive  Circle  tlcfcribc  a  Small 
Circle,  at  the  diftance  of  58  dcg.  22  min.  40  fee.  the  Supplcmcat  of 
the  Angle  at  C,  by  Cafe  the  rfi  of  Prot.  the  ^th,  of  Seti.  the  iJ^ 
where  this  incerfefts  the  fbrmer  Parallel  as  in  y,  will  give  the  Cen-^ 
ter  of  the  Circle  to  be  drawn.    Wherefore,  A 

4.  Thro'  the  Inreifediion  a  having  drawn  the  Diameter  F/T,  ancil 
.at  Right-angles  to  it  JSAT,  about  the  Point  j  as  a  Pole,  defcribc  tfac! 
Great  Circle  BDN,  by  Cafe  the  3^  of  Problem  the  24  oiSeWm  the  :i 
nd  5  or  thro*  the  Point  B  draw  the  Great  Circle  M)Ny  forming  an 
Angle  of  42  deg.  1 5  min.  13  fee.  ^,  equal  to  the  Angle^B  with  the  Pri- 
mitive Circle  CBE;  by  C/ij^  the  ^d  oi Problem  the  ^tb^  of&£Hon  the 
2d,  and  the  tliir^  is  done  3  and  the  Side  Bp  .may  be  meafured  by  cbc 
Une  of  Chords. 

It  has  been  (hewn  In  die*  34/ and  6th  SeBions,  that  if  the  Pdles 
Cy  py  and  q,  of  the  Circles  CBy  CD,  and  DJ3,  be  coaneded  toge- 
ther by  Arches  of  Great  Circlcs^  0^,  pq^  and  y  0,  diat  the  Triangle 
opq  wliich  iscalWid  the  Supplemenul  Triangle,  will  have  it$  Sides 
oq^  pq  equal  to  the  Angles  B  and  D,  and  the  third  3ide  op  equal  to 
the  Supplement  of  the  Angle  C  of  the  Triangle  BCD  j  alfo  the  An- 
gles qopy  and  j/^  0,  equal  to  the  Sides  ^i?.and  DC,  and  the  third 
Angle  oqpy  equal  to  the  Sup.  of  the  Side  BD.    Wherefore, 

Having  let  fall  the  Perpendicular  qrRCy  it  will  be  by  Axiom  the 
6tb  of  SiSlion  the  6tb,  '  "^ 

_  As  (t,  f  0^)  ^  Sup.  <C :  t,  (f  ^  g+^>=)  ^<^Tp ;  t.  f  jT^l^ 
5^=|<s B—D  :  t,  Cl 0 r— r/)=)  I c, < BcA— | c, <J>CRzz  |<s 
DCR—BCR ;  that  is. 
As  the  Co-tangent  of  half  the  Angle  €=^0.48.10  *-— '^7472700 


To  the  T.  off  the  Sum  of  the  AAgles  D  and  B^iS.iyS  9X9674^^ 
So  is  the  Tangent  off  the  Difieretice  of  the  A  ngles  7    o  o    o 
B  and  0=04.00.05 J £   *^44»>* 


a 


•■MMi 


To  the  Taag.  of  f  o r-r  ^=  f  <sDCR-^SCR,  or  aT    »  — .— ©- 

The  4th  Arch  5  deg.  38  min.  1 1  fee*  added  to  iialf  op,  equal  to 

r    half  the  Supplement  of  the  Angle  at  C,  «qual  to  29  deg.  1 1  min. 

50  fe^  will  give  34  deg,  50  min.  oifec.  the  Ccmiplement  of  55  deg. 

i)9  min.  $9  iec*.  the  Angle dBC£^  but  takenfiom  half  op   equal   to 

*  29  dcg. 


p^ 


6eervem.908  Sf90p 


""^  LC^/fi/  ae^d. 


.zID^ 


c^ 


4 


iK.  the  Angle  BCR,  buc  t 
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19  Mgi  n  mm.  50  fee  will  leave  23  d^*  33  mill.  39  fee  the  G)m- 
plcmenc  of  M  deg,  itf  min.  ai  fee.  for  the  Aogle  DCtL 

Or, 

The  fame  416  Arch  added  to  60  Atg.  48  mm.  10  fee.  the  half  of 
the  Ang^e  at  C,  will  give  66  dtg.  t6  min.  1 1  fee.  for  the  At^  DCiL 

But  taken  from  60  dtt.  48  mio.  10  fee.  wiil  leave  ss  deg.  9  min. 
59  fee.  for  the  MeaToreof  the  Ar^le  BCR ;  whence  to  find  the  Side 

fiecaofe  in  the  Spherical  Triangle  SRC  Right-angled  at  R,  are 
given,  tbeAngle  at  the  Bale  B  equal  co  4a  deg.  15  min.  1 3  fee.},  abd 
theAi^Ie  at  the  Perpendicular  BCR  equal  to  55  deg.  09  min.  ^9  tec. 
it  will  be  to  find  the  Mypothenufe  BC,  by  Cafi  the  tpb  of  Ri^k^ 
u^kd^birkid'iTimigkSf 

AsjR:ct,<J3:  ict^BCR  zcs^BC  ;  that  is, 

As  the  Radius       ■        ,       .  ,  io>oooo(>oa 

To  the  Co-tang,  ofthe  Angle  at  the  Bale  JB=4a.i9.i3i  i04>4itf97i 
So  is  the  Co-tangent  of  the  Angle  at  the  Feipen-  >    ^  o^«,.^^ 


dicttlar  JCitss55.09.yp  ■  ■     ■/" 


To  die  Co-fineof  theHyp.  or  Side  jBC=:40.oo.io—>— -9*884^3^1 

Again, 
If  the  Side  2)C  were  reqttircd«  became  m  the  Spherical  Tcianf^e 
2)CA Rig|h^aflgled  at  JB,  are  given,  the  An^eac  the  Bafe  D  eqaal 
to  34  deg.  If  min*  toiiec  },  and  the  Aiffile  at  the  Perpendiculac 
ZTCJt  eqoal  to  tf tf  dcs.  i6mia.%i(ccAtvfmbchy'C<tfeihc  i^tk  e£ 
R^tt^a^  Sfieriearlriai^kt,  to  find  the  Hypothenufe  DC. 
.  As£:ct,<D:  :Ct»DCi(:cs,i7C;  ihatis, 
As  the  Radius  ■  »  lo^ooooooo 

To  die  Co-tai^.  oftheAi^«ttheBafeD=34.is^>|  to.t^9i9$ 
So  is  the  Go^g.of  the  Ang.at  ?etfJX:R=^66.t6.tt  9.tf39$tfi7 

To  the  Co-iine  of  the  Hyp.  ec  Side  DC=50''»}o     ■  g<<otf4<»l 


•i 


Agidn, 
ai  Having  drawn  the  Feipendiciilac  roJDAic  willbebf  ^fi^ 
the  tfNb  of  Sr0«Mi  ths  tffi^, 

Ddd4  /* 


a  I  o  Sphmid  Tr^dmetry, 

ft 

fc.  f  o/-oj=)  f  Sup.  ^  C—  «;^.JS  :  (t,  f/r-tr  j=)  Comp.  f  <s 
As  the  Tang,  of  half  tbeAngieeiJ*;?  17.07.9  if-,r*-T^5U4M7»74 

c  TothcT.ofhaIfrte§upof<C+<^=,cKj«Ri<>tU.^i^ 
bo  IS  the  Tang,  ot  half  the  Sup.of<C—<S=8.o4.i3f  5^.1515568 

*  •  •  • 

.  To;  the  Tangent  of  halt  f  r-\rr  }=;the  Coo^BofhaJft^V 

the Apgje$  iifti? an4 /JZ3C=25!,oi,iai _5    y'744»05>y 

This  therefore  added  to  lydeg.  07  min.  3  r  fee.  4  the  hatf  of  ** 
will  give  4<5  dcg.  08  min.  43  fcc.  |,  the  Complement  of  42  ^ 
5 1  mm.  1 6  fec^fthe  Length  of  ^  aj  the'  Mcaftire  of  the"  Angle  HDC- 
but  leflened  by  17  dcg.  07  min.  3 1  fee.  ¥;  wilMeare  n  deg.  53  miB*. 
40  fee.  ?,  the  Complement  of  78  deg.  q5  min.  1$  fee.  i,  equal  t4 
the  Length  ofj  «,  the  Meafurc  of  the  Angle  RbB.    And 

Ktofftiic  half  Sum  of  the  Angle?  .RZ?J?  and  J?£Jp  <So  deg.  fi 
mm.  47  fec.1^,  the  Complement  of  29  d<lg.  01  min.  12  fee- 1,  bcad- 
dcdjchc  half  of  the,An|;j[e,C£>5,equal  tq  17,  deg.  07  mia.  ji  fee.  K 
the  Sum.  78-dgg.  off  mm.  ip  min.'  ^  will  be  the  Angie  SDR  ;  but 
the  half  of  the  Angle  CDS  equal  to..  17  deg.  07  min-  3 1  fee-  L  taken 
fr^m^^pdcgj  5&nw>,4yiSfC:^  wilUeave^^  4^g..  5,1  ipin.  i<?fca.t 
foF  th«  Angte  CDRi  wte»ce  to  fiiyi 2?5. 

£ecaure>  the  Spheri?al.:rriai^lft  ii£>^  ilighr-aflgfed'  at:\fi:  are. 
giysiv.thcAnd^  atthe  Ba^  J  eq.V'l  ta-ti  deg^  ^T^ia."  xj  f^c-\ 
^c  Angle  aMhePeq)eiidiajlac  JW?il  equ4  to  jZ^i^  06 min.  ij 

totAe4.t^.%piitfam«f<LM.-..  _  .  *  » 

' A  '  k  "«:  i^''^ :  C  t,  ^J  :  :  c  t,Zii{JB  :  c  &  ij5  j  that  is     ' 

To.  th^Gtetang.  of  the Ang. « the  Bife5rJ4a.  ,.y .,  3  nZiTT^^ 
Soo8tte.0^taagro6*«A83.at^e,BQrE>fipi^,;j.dj^^3.jJ,2if?- 
To  the  Co-fine  of  the  Hyp.  or,^d^50=7tf  ^  5.36 

f  : ,   •    .^  'T    .  ♦,  ..  , 

PTu  r  J  t   e'ji  -Again, 

.nJ^^^^p  »*•  u.   ^?!i  ^*^»"^^ '"  '^^  R«fa^angW  Spherical  Tn^ 
•atJkCDR  Kkht-anglcd  at  iL  ir«.fli«i).  the  Ancle  at  fh<.  r.i^  /^ 
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e<J«al  td-  fSdcg.  2  j  nrin.  40  fee.  the  9n$>ptem6rtt6f  ehftAngk  6CD^ 

arid  th't  Angle  at  the  Perpendicular  CD/l  equal  to  43  deg,  yi  min. 
16  fee.  i,  jir^ill  be  by  the  15 /A  C<i/^  ot  Riiht'-^Anglei  SpBerkal  Trt- 

- '   A!^/i:ct;<t!:rc:  :c t; <^cM:Vs, CO/ thitlsi  • 

As  the  Radius  ■— -*    •.••;■:-: ^.^  .Lj^iri:^  . ^ro.cydooo66 


To  the  Co^tatig.  of  the  Ang,  at  thtEi{cCpf9,ii.^^9'7  8p  1 1 3  5; 
So  istbcCo^tanjj.Qtjhe'j^njgatRi'pjGDA:^^  io,oiji69z 

To  tkeO-fineof  the  Hyps  twr  Skfc-  B0=>5<x.fty  jo  — ^^."80^48 17 

Again,  — 

i.  Becanfe  by  the  9fff  Axkm  of  SeBhu  tlie  6th ^  the  S.  Sup.  <  C 

xS.<if:ilj-:  :  S,  **^ Sup*<CxS.  — ^^ 

^2-—  ^<5  :  Sq  1^  £C;  it  will  be, 

PcoduA  of  th«  Sines  of  the  Angles  C  and  ^-— x>.7S79i  14 


:  T<Ki4i* Spqujm-ofithc  RadiiEis  ?» ;  ■  ■'  '■  -^^ — .*— i -^ — lojoooeooo 
iSo  is  the  ProJ^jof  iheSiacwrthciwJf  Saftiof  th6  tlirec  ^ .  h  q;.^^,  ^ 
'    Angft'jJ^Icflened  by  each  of  the  adjacent  Sides /  ^^  ^^^73  5 

To  tfaS'Sq-of^^be  Sine  of  half  the  interjacent  Side  BC — i^.otfSx^ip 

The ialTotwhich  Square  will  be.-     ■■  — P-534o8o^ 

'     ^  '    '      " 
T6e  Sine  of  20  deg.  00  min.  05  fee*  which  being  doubled  gives 
40  d^.  00  min.  10  for  the  Length  of  the  Side  K* 

Again, 
4«  hlMxSt  by  the  liCAt^dl  A^Hmtht  s*lr  dE  Se^ir  the  6ti\ 

****  S.  Sup!  <:c  ^S!^  X  ^-  Z-Sup.<:CxS.  Z~^a=Sq  1 5C. 

Tbtbe  AmR.'  C«mp.  of  did».of  the  Aug. t=i i  i«Jtfi jo  o-ti^jtsS 
Add  the  Arith.Goop.of  theS.  0ftheAng.Bs41.15.13l  6.1733(530 
Alfo  the  S.  of  the  half  Sum  of  the  three  Angles  lelfenedY  a.,Qi<o«<f  i 
by  one  of  the  adjacent  Angles  fuppde'  C^jIksj.  t8*-  /^ ;  *^*''  * 
And  the  S,  of  the  |  Sum  leflcncd  by  the  other  adjacent  1  p^j^,  ,-<, 
-  •  An8ly^»5'»i'44i '  -..      •* 

Ddddi  Half 


all  Sphericat  Trigonometry • 

Half  the  Sumof  thcfe  four  Stacs  xj^SitfijI 


»*i 


Wfli  be ' — — 9S34o8op 

■  I  I  I 

The  Sifieof  aodtf-  oorain-  05  fee.  which  hemg  .doubled  gifes 
40  deg.  00  min«  xo  &c.  for  the  Side  J3C  required- 

Again, 

$.  Becaufe  hf.^^hC^.oi  AxhmJbc  lotb^  of  ie£Nos.the  €tb^ 

Th.i*!E:.s|!i^ ,  a  2-55:<jr: = s.z_<B  ■  5^ 

A^the  Radius**'  '   *  ■■■■■■      10.0000000 

■■         'I       ■ 

< 

To  the  Sine  of  the  Angle  C==  iiuj  6.%o^        '  gt93o>744 

Sq is  theJSioe  of  the  An^e at B=4a.iy.i3i—^i*—— 9.827^570 

Xoa  fourth  Sine^ —  ■  ■  9'7%iJ9l  «4 

As  the  ftmrtfaSinc    -^  -*■  ■  ■-■        *■*■*  9*757^11^ 

To  the  S.  of  the  half  Sum  leflened  b^Silp^Ang;  0^91.3  •!#  9^i9^S^i 
So  is  the  Sine-of  the  half  Sum  leAned  by  the  Anek  1      .  ^        ^ 

ToafefeothSiite  ^~-^  ■    -■     ■■  ■         >»og8i<sy 

To  which  add  the  Radius.       > ■    ■    >*— 10.0000000 

•  ■  ■■ 

H^lf  that.Sap  '  —     ■ —  ij^ptfgitfip 

1 

Will  gifc  ■■       I        ■  I   ■    ■      — 'M34o8a» 

The  Sfcie  ofao  deg»  00  iiitn«  05  fee.  Ae  half  of  the  Side  SC^vAkh 
bmg  therefore  doubled  will  give  the  Side  ^C40.ooao« . 

Again, 
th  BossiakhftiMiotkAxhm  ci  SeOmihcca,  thea  Sap^^<C 

l-'<0 1  Mb  i  Ml;,  it  wil)^ 


Spbertc4l  Tr{gmiimHry*  21  f 

FoQii  of  tfieSinesof  tbe  Am.  C  &B  —  t9'7S79iH 


•  •; «  4lt'«i 


To  the  Square  of  the  Radias  ,■    ■  ■.      ■■■    ■■■■  —  %oj 

So  is  the  Prod,  of  the  S.  of  f  the  Sam  or  the  three<s^ 
molt  into  thef  Sum  leflenedby  the  Side  oppofite 

To  die  Sqi  ofthe  Co-fine  of  half  the  Side  BC  ■■■  i^»  ■  'ip.y45ytf4o 


■MM 


Ihe  half  of  which  Square  will  he       ■      ■  p-pyi^ao 

The  Confine  of  ao  deg>  00  min.  of.iec*  which  being  doubled  gives 
40 d^.  00  min.  10  (ec>  fortbe  Side  BC. 

7.  Again,  Bicaufe  by  the  lotb  Axiitnoi  SeBion  the  6tk, 

To^the  Arlth^Comp.  of  the  S.  of  the  Aug.  C=i^ui6.m  0.06972$^ 
Add  the  AritLComp.  of  theS.oftheA11gJBs41.15.13i  0.172363P 

AMoihe  S.  of  the  half  Sum  of  the  ADgles:=d7.2d  58 9*9^545^4 

Aodtfae^.  of  die  i  Sum  kflened  by  theArg-D=3  3. 1 1.5  5^  9*73  84<9P 

Uatf theSmrof  thefe  fporKneti  '     ■  ■  ~i9.94;9^4Q 

Will  be        ■*■  ■        0         >        ■  ■■■9J7»98ao 

•  _ 

The.  Confine  .of  aodcK*  00  min-  05  ftCi^  which  beiDg^doofalcd^vcs 
40  deg.oamiit  10  fee.  lortheSide  fiC  required. 

Again, 
.  8#.  Becanfe  by  the  loib  Axiom  cli SeBion  the  €th^ 

_^  &Sup.<Cx&<:B^Sop><:c-K;p+<:B.  ^Sup.<e 


10? 


TotheSmeof  oocadji)ceot  Ai^Csstxt'Stf.to*— — ^9ioa744 
Sois  tte  S.  of  cheotiier  ad^icenft  Angle.  B«4i.i;.»3i-^.i.27d>3^ 

At:- 


2\  4  spherical  Tit^tometry. 

As  the  fourth  Sine     ^  ■*  i,'-,  i,  ^\>^.m        ,  ,    ,,  '5h75  79^14 

To  the  Sine  of  the  half  Sumt=r^7.26,5.8---*i*--^---—---Sip55454Lf 
So  is  the'S.Qfthe  I  5um Jciflcned by  Aiig:I>=3j,xi. 55^.7 j^j^q 

.To  Ji  ftyaub  Sine  -^—^ — ;  '  ,  y — ^^ — ~— r-"  ?-j?4r5S>64o 

To  which  add  the  Radius 10.0000000 

Ji^lf  th^t  SujgL^  r  .:   "■■'*' yi-'^  ^ '■'-    I   ■  '^9^94$9f40 

Will  give  ~ ;  9^729820 

The  Co- fine  of  20  dcg.  00  min.  oy  fee.  which  being  doubled  gives 
40  deg,  00  min.  iq  (cc.  for  the  Side  BC  required. 

Again, 

p-  Becaufc  by  the  loth  Axiom  of  SeSim  the  6th, 

R       R 

F-v  >^  <r  V  xS-  AxS.  E=t?,  I  BC. 

To  theArith.Comp.of  the  S.of  |  the  Siim,&c.^6y.26.iS  o.o>454}<$ 
Add  Arith.Co.of  the  S-of}  theSam  feflen^^e&'cj  j.i  J.55J  o.atfijaio 
Alfo  the  Sine  of  half  the  Sum  lefTened  by  ooe  of  the  > 

adjacent  Angles  C=op.03.i8~— ^f    9-^9^163 

And  the  Sine  of  the  hatf  Sum  leflened  by  the  other  7 

adjacent  Angle  B=2y.n.44j -— - — ^,  J    P><apii7o 

Half  the  Sum  of  thcfc  four  Sines — .-^-^ ■-^-^p.i22"7p79 

Will  be  >  .  ' —  ■ M.  flrTc^^HPifti 


The  Tangent  of  20  deg,  00  min.  05  fee.  which  being  doubled 

^ives  the  Side  BC  pipial  to  4^  dcg^oaaHttT  i^-fec * 

Again, 

10.  Becaufc  by  the  lotb  Axiim  tiiStRiAu  the  Stb^ 

S.ZxSX  Mj^^BC    .      .  -^ 

The ^ —  :  S.  A  :  :  S-  £♦ :   ^^  -  ;  it  will  be, 

^   As  the  Radiuc— ^"^  ■■   '  ■  >■  iou>oooooo 

To  thcSinepf  half  the  Sum  of  the  k'a0ss;=^6rf.i6.  j; 9^.^,96%^^  54 

So  is  the  S.  of  the  half  Sum  leflened  by  DC^j  j.i  i.jji  97^84190 

To  a  fourth  Sine  »  ■    ■      ■■  ■    ■.  ■■  1     ■9»70j8754 

As  the.  fourthLSiftc : — -^'       * — ?■—— .gv7<»3^7y4 

Te  the  Smr  of  the  half  Sum  leflened  by  one  of  the  ?  ^    , 

t    adjicput Angles. (hppaft ^tho  Affile  C^^j^. i g.   —  f    il**^r^*i 

adjacent  Angle  B=2j.iM4l f- ^.     f  96291170 

To 


spherical  trigonometry^  ±t^ 

ThGI  stSci^CfTtn  Sine  ■  ■■  i  nn  *■■■  ■■  ■  ■  wm  I  iidiiii  '^"w i<p,yi>^t#7Q. 
Ta  which  add  the  Radias  .■  lo.ooooooo 

HaH  that  Sum — -ipiiripVi 

WiU  be——-: ,- r^^Eii^j^ 

The  Tangent  of  20  dcg.  00  min.  05  fee,  the  half  of  the  requires 

Again,  .   ^  . 

1 1 .  Becaulc  by  the  loth  Axiom  of  S^ion  the  5^A, 

To  the  Arith.  Comp.  of  the  S.  of  I  tbo  Smik  ^tboAo^x      ^ 

gles lef&ncd  by  one ot  the  adjacent  Ang. 0=^.3.1  US    ^'^^3<Hi t 

Aw  the  Arith.^Coiiip.  of^lhe Siiie  9^*^  iti^Simi  o6ihc  >        '  '  ^^ 
A^ifrle<fetfcdb}jt«leo«hc^adj•.AogJI^2^iJi44f f    oJ7o88jQ 

Alfe  dit^-Sin^  of  tteinirSaih of  tiiB  tteod tf^t^A-fiit-^  j^.ptf5 45*04. 

Aodthr  Sine  cf «h«  batf  :Scift  lefl^Rk  bf  €I>sz33;ii.j;f  f  jh^^/Siyj.!^ 

Half  the  Sum  of  thcfc  four  Sines  :  .- ■■  »;■  ?''  ia>c^>8y78q>r^ 

Wfll  give  — — "    ■■  —  ■      ■  io«438poxoa 

The  Co-tai^ent  of  20  dsg.  00  min.  o;  fee  half  the  interjacent  BC« 

Again^ 
13.  Becaufe  by  the  lotb ^itm ot SeUimthc  6thj 

TheS.  A^S^  ;  S^2.:  :&X :  *^^^^it  wiUbc, 

Asrthe  Radius    "'        *  ■ ■    -      ■'—**-- io>ooooooa 

To  the  S.  of  f  the  Sum  leflcned  by  one  of  the  tdja-  Z    ^  ^^    T 

cent  Angles  fuppofc  C=o*oj.i»^ — >    P-^P^P5^3 

So  is  the  Sine  of  the  half  Sum  leifcned  by  the  other  i       ^ " 
adjacent  Aoigle  B;=:  2  5 .  M«44|           "    .^     ■*>    —  i     ^'  *^ ' '  7^ 
To  a  iourthSine      i       ■   ■  ■  ■■      ■  S.&itfoyjj; 

As  this  fourth  Sine ,-~*-  —  8  82607?  g 

To  tfac  Sme  of  half  the  Sum=:57.25.58  -^  —      ^^^545^4^ 

So  is  the S-  of  taehalfSumlclfcned  by PC^gg. 11-551  ^7384490 

Xft*  feventh Sine  j  •_  ,*    *   '  -'"^^         — 10*877802 1. 

To. 


il6  Spherical  Trtgamnetry, 

To  wfakfaaddtheRadius      '  io.oooood« 

Half  thit  Sura  — — :-  ■■  — —  loZjjSott 

The  Cb-fine  <^  io  deg-  oo  tarn-  05  rcc<  tbe  half -of  the^Side  BC> 
equal  to  40  d^-  00  min.  10  fee-  as  bnote  found* 

A  great  Tariety  of  other  Abttmi  m^c  be  giren  to  this  and  the  - 
former  C<t/;/,  as  the  Rtatltr  will  ealily  fee,  if  he  confiUts  tiie  ^b^ 
jfA,  and  6th,  precedsog  St^ms. 

In  die  Af^Ucatioo  viMiditimgUd  ^tlenl  TriugUt  to  the  SUm- 
itwoftfaetormerCi/r/,  I  htTCchofeto  jnakeU&offHch  Propot* 
tioBiia  which  dKRAdiasbecoiiHt  the  iirft  Term,  they  being  tlie 
leadieftforPnftice,  and  require  ooljr  Additim*  andtfae  Cune  Me- 
thod llhaU  make  Ufe  of  heccaftec  in  ^  AppUciuioa  of  this  and  die 
faaaa  itSim  to  J^ttmmj, 


PART 
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P  A  R  T    V. 

Cmaining  the  AppUcatim  oj  the  Proje<aion 
of  the  SPHERE  and  the  Do^rine  of 
Spherical  Triangles ;  to  the  Solution  of 
the  mofi  ufeful  Aftronomical  Problems. 

m 
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SECT.   I. 


Jflrommicdl'Defimtious. 

THE  Axis  is  that  imaginary  Line  about  which  the  Heaveus 
fccm  to  revolve,  its  two  Extremities  are  caird  the  Poles ; 
the  uppcrmoft  or  vifible  to  us,  the  Northern  Pole ;  i^ 
lower  or  invifible  to  us,  the  Soathetn  Pole. 

2.  The  EquinoBial  or  Equator^  is  that  Great  Circle  which  is  e«' 
very  way  equally  difiant  from  the  Poles,  and  confeqnently  divides 
the  Heavens  into  two  equal  Parts,  it'  is  (b  called^  becaufe  when 
ever  the  Sun  is  in  this  Qrcle,  the  Days  and  Nights  ace  of  an  equal 
Length  to  all  the  Inhabitants  of  the  Earth. 

3.  Meridians  ot  Hour-circles y  are  thofe  imaginary  Great  Cirde^^ 
which  interfeft  each  other  in  the  Poles  of  die  Wodd^  and  cut  die 
fjufiio^iW  at  Right-angles. 

4«  The  EcliPtick,  is  a  Great  Circle  intetfe6Qng  the  Equaiariai 
two  oppofite  Points,  and  forming  an  Angle  with  it,  equal  to  the 
Sons  greateO:  Declination ;  ^which  by  die  m<^  Accurate  Obieran 
tiohs  of  die  Ingenious  Mr.  Ptamftfed^  isrfbund  to  be  aj  dcg.  29  mia.} 
and  is  that  Circle  which  the  Sun  is  fuppofed  to  defcribeby  his  Annual 
Modon  round  the  Earthy  (according  to  die  Sy  ftcm  of  Pmrnj.) 

Eeee  Wf 


2 1 S  jifironomical  Veftnitions. 

This  Circle  is  aTually  divided  into  12  equal  parts,  call'd  Signs 
(and  confcquently  each  Sign  mufl  contain  30  Degrees)  beginiiir^ 
frbm  the  interfcdion  ot  the  Equator,  and  numbered  is  follows. 

V  y  E      .         •  ft  « 

Arks.    Taurm.     Gemim.      Cancer'      Leo.     Vngt. 

Sanfh.      Sagittarius.    OafricMtus.    Aquarius,    fiftn. 


The  firft  fix  of  thefe  are  called  the  Norths  Si|bfi,  and  pofTefs 
that  half  of  the  Eclipcick  which  is  to  thie  Northwiacxl  61  the  Eouator  ; 
beginning  at  the  firill^oiat  oEJriesp  and  ending  with  the  lait  Ppinc 

i^  Virgo. 

The  latter  fix  are  c^ed  the  Autieru  Signs^  becaufe  thev  pofTeff 
the  Southern  Jialf  of  the  Eclifticky  beginning  at  the  firft  Point  of 
tjb'tM,  and  ending  with  the  \2&  Point  oi  IPifiis. 

5.  Circles  ^  Ijot^itude  in  tHe  Heavens,  are  thofe  Great  Circles 
which  are  imaged  to  pafs  thro',  and  confequently  interfeft  each  o- 
tber  in  the  Poles  of  the  EcUftick  j  and  cut  the  EcUftick  at  Right-angkSi 
zs  the  Meridians  do  the  Equator. 

tf«.Q^the  Meridians^  that  which  pafles  thro'  the  InterfeftioQ  of 
^ticEfkftick  and  EquinoSiial,  is  called  the  EquinoElidl  Colure. 

7.  And  that  which  cuts  this  at  Right«ang)es,  and  paiTes  thro'  the 
Point's  6i  Cancer  and  Cafricom  is  called  the  Solftitial  Colure, 

S.  The  Horizon  is  a  Circle  encompai&ng  the  Earf lu^  and  dividing 
it  lino  Equal  Parts;  ic  is  fo  called,  as  being  the  Teti&inator  'or 
Boondary,  between  the  'Jlluminated  Part  of  the  Hemifphere  and  the 
Xiuninated:  And  when  ever  the  Sun,  Moon,  or  Stars,  arrive  at 
this  dtcA^i.  tHoy  are  thai  {aid  to  IRife  or  Set.  It  is  v^rilsible  in  difie» 
reflft  Latitlides^  and  has  its  Poles. 

p.  Its  Uppermoft  or  Vifible  PoUy  viz,,  the  Point  m  the  Heavens 
^dm&ifjoi^it  «ilr  Heads,  is  called  the  Zenith. 
rto^The;Lotij/wnoft:prInv^^^     viL  iKe  tdirit  diiwaiy  under 
oarFfeit,  is-c«Hle<tth(e  ^/irf/r. 

<  fi.  VtrttpH or  j^imtfthCiriies,  are  thdfe '<jrea't  Cifcles,  which 
iitxstkktAchxi^t^  J^Ofiir^  and  wt'tK^'H'irixtntt 

Right-ajglc^,  is  the;  AJWAVwV  4q  the  jByii#ri?r,  and'flife  CtftTcS  of 

libngltudc  the  £^/ip/i^ik  ^r^.  O^ 
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x%.  Of  the  Vertiqil or  Az4mu$b  Circles^  that  which p^Sks  thro* 
tiie  Poles  ot  the  World,  i$  called  the  Atoridim  of  the  Place  for  thi$ 
reafon,  that  when  th^  $m  arrives  at  it,  it  is  then  Mti-Day  or  High- 
Ifwi ;  and  wheqev^r  the  Moon,  Stars,  or  othc;r  Plancis,  ace  un- 
der ic,  they  s^  then  at  the  highcj(k  they  can  poffibly  be  in  that  part 
.of  the  Earth  ;  and  confequently  after  that  time,  cpminu^ly  descend. 

13,  TYitPrinu Vertical,  OxCir^k  oi  EafivxdfV^j  isxiisxVtxth 
cal  Circle  which  cuts  the  Meridian  at  Right-angles. 

14.  Of  the  Meridians  or  Hpur^drcles^  (ExplainU  in  Dtf.  3.) 
that  which  cuts  the  Ateri^ian,  (defcrib'd  in  £)</!  i2.)atJRigbt-at^les, 
is  called  AcSi^  a  Ch^kfiwr  Circle  ;  becaufe  when  the  Sun,  Moon 
or.Staxs,are  under  this  Circle,  they  then  have  been  fix  Hours  abTent 
feom,  or  want  fix  Hours  of  arriving  at.  the  Akri^ifift. 

15*  All  Small  Qrcle^. parallel  to  xhc^uauor^  a|s, called  Parallel^ 
of  Declination^  when  they  Areufed  with  cefped  to  the  Sun,  i^bon  or 
^tOiXS  h  hat  Partis  iff  L^ttude^  w>ea  ufed  mth  refped  to  the  ^\ir 
ces  CD  the  Earth*   X)t.th^c, 

%6.  Xt¥it  which  isdifiitit  from  the  fLqu^T^yY  ^^  Spac^.^^ 
;33  deg.  %9  min*  towards  the  North,  and  whi^h  <;£ cpnrequtfnce'muft 
Itojuch  tbe  Bcf^ck\nt\^  firft Point  o(Cs»tcpr,  and  which  is  the^Pa* 
railel  of  ^e  Suqs  Diurn^  Courfe  when  he  is  in  that  Point  pf  the  ^^ 
.c*/fic  is  call'd  the  2r|(^/r^C^c»r.    And  v.    - 

xy.  That  which  is  diftaQtfrpm  the, Equati^  ajd^g.  ap  min.  to- 

rwards  the  SjOfuth  F<rie,  .aod  yniwh  therefoire  mufl  touqi  the  £c/i>/f c^ 

in  the  fy&  Point  QfQ^rianrn,  ^nd  become  i;be  Parallel  of  the  Suns 

.  Diutaal  Courfe,  when  he  h  coi^verfant  in  chat  PoJot,  is  called  the 

Trifk  $f  Capricorn. 

!&.  That  Small. Circle  V9;hich  is  diftant  from  the  North  Pole,  hy 
tbe  Space  of  23  deg.  29  min.  is  call'd  the  Artie  Circle  i  and  to  any^of 
-  thcrfe  Inhabitants  whpfe2>9r(xZ»falts  withinthis  CiK;le,  the  Sun  is  not 
Jeen . when  Jie is  in. the  tr^cofc^fricornhdotcAtkiihci^ 

ip.  ThatSmall  Circle, which  is  as  far  diftant  from  the  South- 

.  eco  Ptole,.  a*  the  Artie  Circle  is  from  the  Northern,  is  called  the  An^ 

tartic  Circle.  ,  And  to  all  tho/e  Inhabi^nts  (if  any  thqrc  be)  whofe 

ZfkHbMU  between  ^his  Circle^arvi  the  South  Pole, . «he  ^un ,  never 

:£xh^faics  hwifQlf  when  he  is  10  (be  firft  Point  oiCanfin^ 

oo.  All  S»aU  Circles  parallel  to  xhcEcUftic,  ^tc  called  Parallels 
^Lati»de,  with  regard  to  the  Fixed  Stars  and  Planets,  becaufe 
tbey  diRtfilUOe  tkc,  diftsiwc  of .»nj  of  thpm  from  the  Ecliptic. 

Eeee  a  ^^-  AU 


iio  Jfirommcal  'Defimttons, 

II.  All  Small  Circles  parallel  to  the  HorixMh  a«  called  Ahticam- 
tiers,  or  ParalMs  of  Altitude,  becaufe  they  Ihew  how  far  the  Sua, 
Moon  or  Stars  are  afccnded  above  the  HtrizM. 

aa.  Longitude  of  any  Place  upon  the  Earth,  is  an  Arch  of  the  E- 
quimifialf  intercepted  between  the  firft  Meridiau,  and  the  Meridiau- 
paffing  thro*  the  Place  propofed.  Or,  it  is  equal  to  the  Angle  for- 
med by  the  firft  Akridiau,  and  the  Meridian  paflGng  thro  the  Place 

civcD  • 

^l.T%e  Latitude  of  mtj  Placets  an  Arch  of  the  Meridian^  paffing 

thro  the  Placey  and  intercepted  between  the  Place  and  the  Equator. 

14.  T'he  Bight  AfcenfioH  of  the  Sun,  Metaty  wr  any  Star,  is  an  Arch 
of  the  EquimEHal,  intercepted  between  the  firft  Point  of -4ri>x,  and 
the  Interfcaion  of  the  Meridian  paffing  thro'  the  Sun  or  Star ;  aad 
is  the  fame  with  the  Angle  formed  by  the  EquinoShai  Cohre^  and 
the  MeridianptESng  thro'  the  Sun  and  Mood.  It's  fo  called,  becaufe 
it  is  the  Point  of  the  EquinoEliaJy  which  ri&th  with  the  Sun  or  any 
Star  (in  a  right  Sphere  or  fuch  a  Sphere  where  the  Poles  lie  in  the 
HmzMy)  and  confequently  is  the  fame  Point  that  pafles  the  Merir 
dim  with  either  of  them. 

^^.  T%e  Declination  of  the  Sun^  Moon^  or  anyStaty  is  an  Arch 
of  the  Meridian  paffing  thro'  the  Sun,  Moon,  or  any  Star;  and  in- 
tercepted between  either  of  them  and  the  Equator ;  and  if  the  Son, 
Moon,  or  Star,  be  to  the  Southward  of  the  Equator ^  it  is  called 
South  Declination :  But  if  they  lie  to  the  Northward,  or  betwixt 
the  Equator  and  the  North  Pole,  it  is  catted  North  DecMnation. 
s  25*  7%e  Place  of  the  Sun^  is  that  Sign,  Degree,  Minute,  6v. 
of  the  Ecliptic,  that  he  potktks  at  any  time  ^  and  his  Lm^inide  is 
the  Arch  of  the  EcUftic^  intercepted  between  this  Place  and  the  firft 

Point  of  ./Jrj^/* 

27^  T%e  Loi^ftKde  of  the  A&oh  or  any  Story  is  an  Arch  ct  the  fi* 
olifticy  contained^  between  the  Circle  of  Loxgitudoy  paffing  thro'  the 
Moon  or  Star,  jmd  the  firft  Point  of  Aries.  And  that  pegree  of  a- 
iiy  S^  over  which  the  Circle  of  Longitude  paffing  thro'  the  Mood^ 
«r  any  Star  runs,  is  called  the  Place  ^  the  Moon  or  Star. 

aS.  *Ae  latkudt  cf  the  Mhon  or  my  Star,  is  equal  to  the  Arch  of 
the  Cirde  of  Longktfde,  paffing  over  the  Moon,  or  any  Star,  and 
intercepted  between  die  Moon  or  Star,  and  the  Eclifpicy  ^  and  is  C2\r 
MS^uth  Latitude^  iftheMoonor  Sfcar  be  to  the  Southward  oEdie 
JEc%fc;  but  if  to  the  liocdwud^  kis  called  North  Lautiui^ 

a^  Tbt 
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ip.  The  Atimtttb  is  an  Arch  of  the  Hnrizon,  contained  between 

the  Meridian  and  the  Vertical  Grcle^  paffing  thro'  the  Sun^  Moon^  ot 

Star,  at  any  time  propofed^  when  they  are  above  the /for/z.^9;  and 

is  the  fame  with  the  Angle  at  the  Zenith,  made  by  the  Meridian  and 

the  yerfical  Circle. 

30.  The  Amplitude  is  an  Arch  of  the  Herix>on,  contained  between 
the  Siio^  Moon,  or  Star,  and  the  Eaft  Point  of  the  Horizon  at  their 
Rifing,  or  the  Weft  Point  at  their  Setting  :  Or  it  is  equal  to  the 
Angle  made  by  the  Prime  Vertical y  and  the  Vertical  Circle  paffing 
thro'  the  Son,  Moon,  or  Star,  at  their  Riflng  and  Setting. 

31.  The  ^/mi^^if  of  the  Sun,  Moon,  or  Star,  is  an  Arch  of  the 
Vertical  Circle,  paffing  thro'  the  Sun,  Moon,  or  Scar,  at  any  time, 
propofed,  and  contained  between  the  Sun,  Moon,  or  Star,  and  the 
jfiTmtMif,  and  can  never  exceed  go  Degrees  or  a  Quaclrant. 

32.  Zenitb  Difiance,  is  that  Arch  of  the  Vertical  Circle,  paffing 
thro'  the  Sun^  Moon,  or  Star,  which  is  contained  between  either 
of  them  and  the  Zenith ;  and  therefore  muft  alway,  together  with 
the  Altitudej  make  90  Degrees  or  a  Quadrant. 

.  33.  Meridian  Altitude,  is  the  Height  of  the  Sun,  Moon,  or  Star, 
when  they  are  upon  the  Meridian;  and  confeqnendy  is  the  grcateft 
Height  to  which  thev  can  arrive  at  that  time  ' 

i^  Obliqtte  Afcenjonoc  Defcenjton,  is  that  Degree  of  the  Equator 
which Rifes  or  Sets  with  the  Sun,  Moon,  or  any  Star,  in  znObUque 
Sphere ;  (or  fuch  a  ,^bere  where  the  Parallels  of  the  Suns  Diurnal 
Courfecats  the  Horizon  at  unequal  Angles)  whidi  Pofition  happens 
toaDwho  live  between  the  Equator  and  the  Poles. 

35;  Afcen/knal  Diference,  is  the  Difference  between  the  Rigbtt 
and  OtHque  Afcenjion  or  Defcenfiou ;  or  is  that  Arch  of  the  Equator, 
xeinch  is  coitfained  between  the  Points  of  HJgit  and  Otlique  Afcenr 
fim  Qt, Defcenfiou  ;  and  confequently  ihews .  how  long  the  Sun  Rifes 
or  Sets  before  or  after  the  Hour  of  Six  5  or  half  the  time  that  the 
-Moon  or  any  Star,  contibokg  abore  or  below  <xir  i/ariM»^  exceed 
or  want  of  Six  Hoars^ 
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ContaintHg  the  Jpl>lic4tio7t  of  the  twofirft  ScCtions  of  the 
Fourth  (party  to  the  aEiual  ^roje^ion  of  the  Sphere 
upon  the  (PUnes'of  the  principal  Ctcsit  Circles. 

Efinttion.  '  To  Projeft  the  Sphere  Sttra^raphicaUy  upon  the 
Plane  of  any  Gicat  Circle,  is  ib  to  defccibe  the  Circles  of  the 
e  upon  timt  Plane,  as  they  would  appear  to  the  £ye  placed  in 
i  thePokfrof  the  eiven  Gceat  Cirde. 
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_.  it'bcroanftetito'drftw  the  Ihur  Circles^  or  Cmks  ffH^/jiZ 
Afanjkn^  Paraileh  if 'DttliHaHoHj  Unifies y  EclifHc,  4icc.  Stereogram 
fhicalty^  v^pon  the  Fhnt  6(  the  Soi^ial  Ceture ;  it  being  in  tbisCaJe 
fap'poftd  tx)  He  in  c!he  fame  Plane  with  the  Meridmn. 

htt  APQS  (in  Plme  the  ^h}  reprcfent  theSoUytia)  Caloie,  upon 
the 'Plane  ot  which  the  Sphere  is  tobe  pifc^efted,  then  wfll  T  be  its 
Cfenicr  and  the  Pole  of  the  Projedion. 

Becaufe  the  Eye  in  this  i^afe  is  (uppofedin  the  fitft  Point  of  Acies^ 

or  <:t>mmon  Interfedion  of  tfite  Equator,  Ecliptic,  and  £qainodial 

Coliirc ;  thcfc?  Circles  w'JlI  all  be  ^reprdfentcd  in  the  Proyedion,  bj 

'Right-Knes  interfcding  cadi  other  in  the  Center  T,  or  Pole  of  the 

Trojeaion,  (ty  the  iB  Cor.  of  the  Gtn.  Gef.  6i  the  tft  SeSHmL) 

Wherefore,     . 

Having  drawn  iiieEqoafor  Jf1^jQ,afK^atRigh^^t)gtestoitt^ 
Axis,  and  in  this  Cafe  the  Equinodial  Colure  P  ^^  J?;- becaufe  ti  e 
Hour  Circles  or  Circles  of  Right  Afcenfion  interfed  each  other  in 
the  Poles  P  and  5,  their  Centers  will  be  found  in  the  Equator  Af^ 
at  the^iftance  of  the  Tangents  of  the  feveral  Anglesthat  they  form 
with  the  Meridian  or  Solftitial  Colure,  from  the  Center  T  or  Pole  of 
the  Projeftion ;  fo  that  if  it  were  required  to  draw  the  Ten  or  Two 
a  Clock  Hour  Cirde,  oc  Circle  of  RightAfcenfioo  of  60  or  x  20  ifcg. 

P,io>a5 
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p,  iOj%S  beeaufe  this  Circle  forms  an  Angle  or  jo  deg.  with  tbt 
Feripfaery  of  the  Plane  of  Proje&ion,  we  ba^x  no  more  to  4o  but  iq 
(et  oflfthe  Tangent  of  30  degrees  to  the  Radius  of  the  ProieiStion, 
from  T  to  2,iO)  then  will  2^10  be  the  Center^  and  io,P  the  Radius 
of  the  Circle  Z',  10,2,5  to  be  drawn ;  and  after  the  (ame  manner  may 
any  other  Hour  Cirde  or  Circle  of  Right  Afcenfion  be  drawn. 

Again,  becauTe  the  Parallels  of  Declination,  Tropics,  Artie,  and 
Aottrcic  Circlps  are  Small  Circle^  standing  at  Right  Angles  to  the 
Periphery  of  the  Plane  of  Projeftion,  their  Centers  will  be  found  in 
the  Axis  or  Equinodial  Orfure  PSj  produced  both  ways  from  P  and 
iS^  aodif  the  Secants  of  their  feveral  diftances  from  tlieir  neareft  Pole, 
be  fet  ofi^in  the  Axis,  from  T  the  Center  of  the  Proje&ion  an  the  fame* 
Side  of  the  Equator  as  they  lie,  you  will  have  their  fi^veral  Centers^ 
and  the  Tangents  of  the  bme  diftaoce  wiU  be  tl)cxr  Radij  or  Semi- 
diameter  ;  tli^s  fuppofe  it  were  required  to  draw  the  Small  Grcle 
50.  <-  50.  or  Pajralkl  of  50  deg.  of  Northern  Declination,  becaufe 
this  Circle  is  diftant  from  the  Northern  Pole  P  40  deg«  if  the  Secant 
of  40  4kg,  be  (et  off  in  the  Axis,  komT  the  Center  of  the  Projedion 
to  £,  you  will  have  the  Center  of  the  Parallel  to  be  drawn,  whofe 
Radius t>r  Semi-diameter  £  50,  is  the  Tangent  of  the  fame  diftance 
from  the  Pole  P,  or  40  deg« 

Again,  fiecai^e  the  Artie  Circle  is  diftant  firom  the  Pole  23  deg. 

2^  min.  if  the  Secant  of  23  deg.  2pmin.  be  fet  ofi  in  the  Axis,  from 

T  towards  P^  k  will  give  the  Center ;  and  the  Tangent  x>f  the  fame 

diftance  will  be  the  Semi-diameter  of  the  Artie  Circle  to  be  drawn  j 

in  like  manner  the  Secant  0(66  deg.  }o min.  fet  ofifromi^he Center 

rwfll  give  the<i^enter,  and  the  Tangent  of  the  fame  diftance  wiU  be 

the  Radius  or  3emi'diamcter  of  the  Tropic  of  Cmcer  ^dc. 

After  the  fame  nunner  may  the  Tropic  of  Cqpricmi  and  Antartic 

ircle,.  or  any  other  Parallel  to  the  Equator  be  drawn- 

The  Ecliftk  is  a  Great  Circle,  in  this  Cqfe  pafling  thro'  the  £yc» 

and  6>iming.an  Angle  with  the  Equator  of  23  d^g.  29  min.  wherer 

fore  if  the  Chord  of  23  deg.  29  nun.  be  fet  oft  fromif  to  ®,  or  from 

Qxo  ^,  and  the  R^ht-line  ^r  w  be  drawn,  it  will  be  the  R^pre- 

fentativeof  thcEclipcic  in^is  Prqje&ion,  whole  Poles  will  be  found 

in  the  Peri^ry  >of  the  Pkme  of  the  Projcdion  af^f^,  at  a 

^{uadrantal  Diftancerfromitslnterdeflton  ^  and  ^.. 

Circles  of  Casleftial  Longhtukj  which  a'nterfGa  each  Other  in  ^and 
s  the  Coles  dof^^ti^^  will  have  their  Centers  in  the  Ecliptic 
It  &k^^^yms^i^^  a&a.the.&ni^imnner  ;»sthe  Circes  oiE 
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of  the  Sphere. 

Any  of  the  given  Gre^t  Circles  pafljo 
divided  by  the  Line  of  Semi-^ 
g^DCS  of  the  feveral  Diviiions  t1 
the  prd)eded  Great  Qrde :  S 
€0  divide  the  EcUpti^  according 
half  Tangent  of  36  deg.  from  1 
prcfenc  the  firft  points  oiTaun 
the  half  Tangent  oi^4s%rtcs 
cliptic  to  n  and  to  ^^  thcfc  wi 
and  Le^i  Aquariu$  and  Sagittar 

After  the  famemanner  may 
other  Great  Circle  pafllng  thro' 
tor,  tJc. 

There  are  other  Methods  fo 
Circles,  as  the  Reader  will  eafi 
.  firft  Si^ions  of  the  former  Parti 
are  the  moft  ready  for  Pra&ice^ 
ferve  bcreafcen 

Let  it  be  required  to  draw 
Cirdes  of  Right  Afcenlion^  Pa 
upon  the  Plane  of  the  Horizon 

In  Plate  the  ph,  \tt  A  MQ^ 
Plane  of  which  the  Circles  of  th 
will  z,  be  its  Center  and  the  Poi 

Becanfe  die  Eye  in  this  Cafe 
Pole  of  the  Horizon,  the  Verti4\ 
firaigbc  Lines  in  this  Projeftion,  ip" 
or  Pole  of theProjcaion  &,  by  <(^ 
of  SiBhn  the  ij9of  Part  the  ^b:  \ 

EHraw  the  Diameter  AZQ^  an 
cal  or  Circle  of  Eaft  and  Weft  / 
meter  ika wn  at  Right-aflgles  to 

of  North  and  South  Azimuth,  at^  ^  ^m^wmym  a  ^     

Teral  Azimuth  Citdes  form  with  the  Meridian,  be  laid  off  in  the  Pe- 
riphery of  the  Plane  of  the  Proje&ion  ftom  Af  or  /if,  towards  A  or 
b.  and  thro' chcfepoiotsaod  the  Centers;^  Ri^c  tines  be drawtis 
"^  Ffff  they 
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they  will  rq)reftnt  fo  maoy  AzirauthCirdcs  ;  thus,  if  it  wcrerequt* 
ted  to  draw  a  Vertical  or  Azimuth  Circle  that  fliaii  form  an  Aog)& 
of  30  degrees  with  the  Meridian,  fct  off  30  degrees  in  the  Periphery 
of  the  Plane  of  the  Projedion  from  Mtot,  or  from  N  to  tf ,  and 
draw  the  Diameter  tz,a,  this  will  reprcfent  the  Vertical  or  Azi-. 
muth  Circle  to  be  drawn  ;«and  by  proceeding  after  the  fame  manner,, 
may  any  other  Azimuth  Circle  be  projeded. 

The  Diftancc  of  the  Pole  from  the  Zenith  of  any  Place,  is  eqaal 
to  the  Complement  of  the  Latitude  of  rliat  Place  •;  wherefore  if  the 
Semi-tangent  of  the  Complement  oi  any  Place  (fuppofei^ifJo»)«qual 
to  38deg.  28min.  be  fet  off  in  the  Meridian  from  z,  tof,  it  will 
give  the  Place  rfthc  North  Pole  p  in  this  Projedion. 

The  Equinoftial  is  a  Great  Circle,  at  90  degrees  or  a  Quadrantal 
Diftance  from  the  Pole,  and  conflquently  is  inclined  to  the  Plane 
of  the  Horizon,  at  an  Angle  of  38  deg.  iSmin.  equal  to  the  Com-- 
piement  of  the  Latitude  of  the  Place  ^  whercibre,  if  the  half  Tan- 
gent  of  5 1  deg.  31  min.  equal  to  the  Latitude,  be  fet  off  from  %  to 
H,  it  will  give  one  Interfedion  of  the  Equator,  and  if  the  Tangent 
ef  38  deg.  28  min.  its  Complement  be  tet  off  from  Zr  to  ;  on  the 
contrary  fide  of  the  Center,  it  willgj^e  the  Center  g  of  the  Equator, 
'  about  which  ?oint  g  if  the  Circle  AHQ^  be  defcribed  at  the  diftaifcc 
oig  fi^  it  will  be  the  Reprefentation  of  the  Equator  upon  this  Pro^ 
jodion. 

The  Six  a  Clock  Hour  Circle  is  a  Great  Circle  .of  the  Sphere, 
nrfflch  cuts  the  Meridian  at  Right-^gks,  and  corfequently  its  Cei> 
ter  will  be  found  in  the  piameter  ii^iV  produced  towards  iST,  and 
becaufc  it  paflcs  thro*  the  Pole?,  is  inclined  to  the  Plane  of  the  Pro- 
fiftioa  at  an  Ai^lc  of  5 1  <leg.  3  %  min.  equal  to  the  Latitude  of  the 
Plac^r^hprefore^.  if  the  Tangent  of  5 1  deg.  jj  min.  be  fet  off  in  the 
Meriaian  from  a  io^  produced  if  need  be,  it  will  give  the  Center  9 
jf  *he  Si3i  a  CSock  Hdur  Circle,  about  which  Point  a  i(  the  Great 
Circle  jfPQhodnv^n atthe diftance^y  *,  it  will  be  the  Repiefea- 
tttivc  of  the  Six  a  Qock  Hour  Circle  in  this  Projeaion. 

And  beeaufe  the  Planes  of  the  fev^ral  Hour  Circles  are  indined 
to  the  Plane  of  the  Six  a  Qock  Hour  Circle,  at  Angles  of  t  y  deg. 
$t^defr  45  4^.  &$.  and  confcquently  muft form  the  lameAngfcs  with 
itupon  the  Pro}eaion,tf  thcTangents  of  15  deg.  jodcg.  45  d«.  &c^ 
to  tl»e  KaAus  /  q  equal  to  its  Semi-diameter  be  fet  off  m  the  Line 
4U  1^>^S>  (daWu  it  R^t^wgles  10  the  Meridian  MN,  and  paffii^ 
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^liro^  ?  the  Center  of  the  Six  a  Qock  HoaivCircle)  fro*  y  on  each 
fide  towards  4J,  you  will  have  the  Centers  of  the  fcvcral  Hour  Cir* 
i\cs  to  be  driawn ;  thus,  if  it  were  required  todravtr  the  Five  a  Clock 
Hour  Circle  y/  5,  becaufe  this  Circle  is  inclined  to  the  Plane  of  the 
Six  a  Clock  Hour  Circle  at. an  Angle  of  ijdegites,  andconfc- 
quently  muft  forna  the  fame  Angle  with  it  upon  the  Plane,  if  the 
Tangent  of  1  j  degrees  to  the  Radius  p  q  equal  to  the  Semi- 
-diameter  of  the  Six  a  Clock  Hour  Circle,  be  fct  xiS  m  the 
Linc/,4f,  fromj>to  i  j,  it  will  give  the  Point  15,  for  the  Center 
of  the  Hour  Circle  to  be  drawn,  about  which  Point  ly,  if  the  Circle 
53^j  5>  he  drawn  at  the  diftance  of  15,/r,  it  will  be  the  Rcprefenta- 
tive  of  the  Five  a  Clock  Hour  Circle  upon  this  Plane;  after  the  fame 
manner  by  laying  oft*  the  Tangents  of  30  deg.  45  deg«  <^^.  on  each 
Side  of  the  point  q  in  the  Line  jr,  45,  you  will  have  the  Points  3  a4y9 
^c.  for^he  Centers  of  the  feveral  Hour  Circles  to  be  drawn. 

The  Ecliptic  is  a  Great  Circle  of  the  Sphere,  inclined  to  the  Plane 
-of  the  Equator,  at  an  Angle  of  23  deg.  29  min.  and  consequently 
(if  the  Southefn  half  i^e  Elevated  above  the  Plane)  mull  fiDtm  an  An** 
gle  of  14  deg.  59  min.  with  the  Plane  of  the  Horizon,  equal  to  the 
jyiSkttncit  between  the  two  Inclinations  38  deg.  28  min*  aoda^  de^ 
ap  min.  bat  an  Angle  of  <$i  deg.  $7  min.  equal  to  the  Sum  of  the 
Inclinations  38.18,  and  23  deg.  29  min.  if  the  Northern  half  of  the 
Ediptic  be  Elevated  above  the  Plane  <xi  the  Horkon ;  wherefore,  if 
the  Tangentsof  14  deg.  ;p  min.  and  61  deg.  .57  min.  be  laid  off  ia 
the  Meridian,  from  t,  towards  m^  to  x  and  y,  you  wiil  have  the  . 
Centers  X  and  J'  of  either  Semicircle  of  the  Ecliptic,  about  which 
points  X  and  y^  if  the  Semicircles  A^Q^  and  .«4«  Q,  be  drawn,  yoa 
will  have  the  Repretentative  of  either  half  of  die  Ecliptic  upon  this 
Plane,  ^ 

Circles  of  Longitude  which  int^rfea  eadi  other  in  the  Pbles  ol  the 
Ecliptic,  and  cot  the  Ecliptic  at  Right-angles^  arc  projefted  after 
the  fame  manner  as  the  Hout  Girdes  or  Grdes  of  Right  Afcenfion 
arc,  which  iiitcrfea  each  othet  in  the  Poles  of  the  World,  and  cut  the 
Equator  at  Right-aDgJes  :  For  Example  j  fuppofeit  were  required  to 
draw  the  Circle  of  Longitude  paffing  thro*  the  firft  point  olTtaurm^ 
becaufe  this  Circle  is  inclined  to  the  Plane  of  the  Equinoftial  Colore, 
^t  an  Aft^  of  30  degrees :  thro*  the  point  H  the  Center  of  the 
Equindftial  Colure  AOQj,  draw  the  Right  Line /?*  *  pcrperidiculat 
-in  this  Cafe  to  the  Solftitial  Colure  0  j>  x,  .W;  and  make  Ub  equal  to 
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the  Tatigcnt  of  30  degrees,   to  the  Radius  OH,    or  draw  the 
Line  O  A  toiming  an  Angle  of  30  degrees  at  the  point  p,  with  the 
Solfticial  Colure  Oz,Ny  where  this  interftSs  the  Line  Hhkzs'mh^ 
it  will  give  the  Center  of  the  Circle  of  Longitude  0«  to  be  drawn. 

After  the  fame  manner  by  laying  ofl'  the  Tangent  of  30  degrees 
from  Hto  Kxo  the  Radius  OH,  jou  will  have  the  Center  ot  the 
Circle  of  Longitude  O  n ,  pafling  thro'  the  firft  Point  of  n,  and  the 
fame  Method  is  to  be  obferved  in  drawing  of  any  other  Circle  of 
Longitude  whatfoever.  ,     ,.  • 

But  if  the  Southern  half  of  the  Ecliptic  -4  Vf  jg^  were  to  be  divi- 
aed  then  the  point  A  will  become  the  firft  Point  of-,  the  point 
O  the  firft  Point  of  1^,  and  Ar  ^the  Equinodial  Colure,  and 
confequently  the  Line  HK  in  this  Cafe  rauft  pafs  thro*  the  Center  of 
the  Circle  A^^Qj^  at  the  diftance  ot  the  Tangent  of  75  degrees  from 
the  Centers  Or  Pole  ot  the  Projection,  and  then  proceed  as  before. 

Almicanthers  or  Parallels  of  Altitude,  becaufe  they  are  parallel  to 
the  Plane  of  the  Projeaion,  will  have  the  Center  and  Pole  ol  the 
Projedion  for  jheir  common  Center  and  Pole,  and  their  Radij  or 
Semi-diameters  will  be  equal  to  the  Semi-tangents  of  their  diftances 
from  the  Pole  it  felf :  For  Exampk,  fuppofe  it  were  required  to  draw 
a  Parallel  of  40  degrees  of  Altitude,  becaufe  this  Circle  is  diftant  from 
the  Zenith  jo  degrees  equal  to  the  Complement  of  40  degrees,  if 
the  Small  Circle  40. 40,4040.  be  defcribed  about  the  Centers,  at  the 
dtflance  of  the  Semi-tjingent  of  50  degrees,  it  will  be  the  Reprefen- 
tative  of  the  Parallel  of  40  degrees  of  Altitude  upon  the  Plane  of  the 
ProjeAion,  and  the  (ame  Method  muft  be  obferved  in  the  drawing  of 
any  other  Parallel  of  Aldtudc  whatfoever. 

The  Tropics,  Artie  Circles,  and  Parallels  of  Declination,  are 
projefted  by  laying  off  the  Semi-tangents  of  thdr  greateft  and 
*  leaft  diftaoces  from  the  2^th  or  Pole  of  the  Proje&ioo,  ui  the 
Meridian  or  Solftijial  Colure,  on  the  fame  or  contrary  Sides  of  the 
Center,  according  as  the  Cafe  direds :  Sappoie  for  Example,  tbac 
it  were  required  to  projeft  the  Artie  Circle,  which  is  diftant  from  the 
North  Pole  by  the  Space  of  23  d^.  19  min.  becaufe  the  difbmce 
between  the  Pole  and  the  Zoiitb  equal  in  our  ddfe  to  3  8  deg.  28  min . 
is  greater  than  this  diftance,  the  Artie  Circle  will  fall  intirdy  oa 
the  fame  Side  of  the  Zenith  ;  wherefore  if  the  Semi^angent  ct  the 
Sam  of  38  dc^.  ti^mi||.and  13  deg.  ap min.  eqaal  to  61  deg.  57  min. 
be  let  ofi  from  &  to  ^^  you  will  Uve  one  Extremity  of  the  I>ivneter 
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of  the  Actic  Cirde,  and  if  the  Semi-tangtot  of  the  Difference  be-* 
cween  38  deg.  28  min.  and  a^deg.  ipmin.  equal  to  i4deg.  j^min. 
be  fet  off  from  t.  the  fame  way  to  T,  you  will  have  the  other  Ex- 
tremity of  the  Diameter  c  r,  the  middle  point  of  which  will  be  the 
Center  ;  about  which  Center  if  the  Small  Circle  0  r  be  dcfcribcd,  it 
will  be  the  Reprefentatirc  of  the  Artie  Circle  in  this  Projcdion, 

Again,  if  the  Tropic  of  Cancer  were  to  be  projeacd,  becaufe  the 
diftance  of  the  Tropic  from  the  North  or  Upper  Pole  66  deg.  3  j  min. 
is  gfeatet  than  the  diftance  of  the  two  Poles  of  the  Horizon  ^nd  Equa* 
tor,  in  this  Cafe  38  deg.  28  min.  the  Pole  of  the  Projedion  «,  will 
lye  within  the  Circle  j  whctefore,  if  the  Semi-tangent  ot  the  Sum  of 
66  deg*  ^  1  min.  and  38  deg.  28  min.  equal  to  104  deg.  59  min.  be 
f ct  off  from  «,  to  i  it  will  give  one  Extremity  of  the  Diameter ;  and  if 
the  Semi-tangent  of  the  Difference  28  deg.  03  min.  be  f^t  off  from 
z.  the  contrary  way  to  «,  it  will  give  the  other  Extremity  ^  of  the 
Diameter  /  ® ,  the  middle  point  of  which  Diameter  will  be  thcCen-^ 
ter,  about  which  if  the  Circle  ^  /  be  defcribed,  it  will  be  the  Re^ 
prcfentative  of  the  Tropic  of  Cancer  in  this  Proje&ion. 

After  the  fame  manner  may  any  ptber  Parallel  of  Declination  at 
PiraUel  to  :he  Equator  be  drawoj  if  its  difiance  from  the  Pok/^  be 
known  or  given. 

Aay  Parallel  of  Declination,  fuppofe  the  Tropic  of  Cancer,  may 
more  readily  bedefcribed  by  the  help  of  the  j^h  Cw.  of  the  %dProf^ 
of  SeEiiott  the  lyf ,  or  the  jdCafe  of  Proi.  the  6tb,  of  Se£lion  the  %d 
Part  Ae  4^6,  after  the  foUowinjg  manner ;  thro'  f  the  Pole  of  the  £• 
quator  or  Great  Qirde  to  which  the  Tropic  is  parallel,  draw  thq 
Right  Line  fy^zx  Rightrangles  to  the  Meridian^  z, «,  and  fet  off 
the  diftance  of  the  Parcel  from  the  Pole,  equal  to  66  deg.  31  min. 
in  the  Periphery  of  the  Plane  of  the  Projedion  from  M  to  >y  and 
lay  a  Ruler  over  the  Pole  Ho(  the  Six  a  Clock  Hour  Circle  and  the 
point  r>  to  cut  the  Six  a  Qock  Hour  Circle  in  the  point  <£>  and 
thro'  thepoint  y  und  the  Center  q  of  the  Six  a  Clock  Hour  Circle^ 
draw  the  Line q ^y  to  cut  the  Line  /  « £  in  •  >  then  will  q  «  , 
fet  off  in  the  Meridian  from  qtov  give  the  point  v  for  the  Center^, 
and  the  diftance  p  ^  will  be  equal  to  the  Semi-diameter  of  the  Tra« 
pic  to  be  drawn.  ,  Again, 

If  the  Tropic  of  Capricorn  #  v/ were  required  to  be  drawn,  be-^ 
caufe  this  Circle  is  diftant  from  the  North  or  Uppermoft  Pole  1 1 3"" 
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and  Lines  be  drawn  from  the  fevcral  Divifiqps  tKro*  the  Center,  you 
will  have  a  Number  of  Circles  anfwcring  to  the  refpcSivc  parts  of  aa 
Hoar. 

Again,  becaufe  the  Parallels  of  Declination  are  all  parallel  to  the 
Equator,  and  confequently  in  this  C^^fe  parallel  to  the  Plane  of  the 
Projeaion,  they  will  all  (by.  the  i ft  Cor.  of  the  jft  Lemma  of  the  iff 
Se£iicn)  become  Circles  in  the  Projedion,  and  (by  the  2d  Cor.  of  the 
fanac  Lemma)  will  have  the  Center  ;  or  Pole  of  the  Projedion  for  their 
common  Center  and  (by  the  ^ti  Cor.  of  the  fame  Lemma)  their  feve- 
ral  Radij  or  Semi-diameters,  will  be  equal  to  the  Semi-tangents  o£ 
their  diftances  from  the  Pole  of  the  Equator.     Wherefore, 

If  about  ^  as  a  Center,  with  the  Semi-tangents  of  the  fevcral  dif* 
tances  of  the  Parallels  of  Declination  from  the  Pole>  the  feveral 
Small  Circles  10.10,  20.20,  jo.jo^C^^.  be  drawn, you  will  have  the 
feveral  Paralkls  of  Declination  defcribed  upon  this  Pl^ne. 

The  Artie  Circle  is  a  Small  Circle  parallel  to  the  Equator,  at  the 
diftance  of  23  deg.  2p  min..from  the  North  Pole,  wherefore  if  about 
/  as  a  Center,  at  tl^  the  didance  of  the  Semi^tangent  of  23^  29'  the 
Small  Circle  i  /  r  be  drawn,  it  will  be  the  Reprefentative  ot  the  Artie 
Circle  upon  this  Plane :  In  like  manner  the  SmallCircle  t^xq  drawn 
parallel  to  the  Equator  anqm^  at  the  diAance  of  the  Semi-tangent 
cf  66  deg.  jomin.die  Complement  of  the  Xropic's  diftance  from  the 
Equator,  will  be  the  Reprefentative  of  the  Tropic  of  Cancer  in  this 
Frojeftion  ;  and  becaufe  the  Southern  Tropic  is  difiant  (torn  the 
Northern  Pole  113  d^.  a^  min.  it  with  the  Semi-tangent  of  1 1 3  deg. 
^9  vom.  a  Small  Circle  be  drawn  about  the  Center  /,  it  willt>e  the 
Reprefesutive  of  the  Tropic  of  Capricornj  but  this  Circle  falling, 
without  the  Periphery  of  the  Plane  or  the  Projc£iion«  is  not  ullially 

drawn. 

TbeEctfpuc  isa  Great  Circle  forming  an  Angle  witb  the  Equator 
lof  2;deg.  29  sniQ.  equal  to  the  Suns  greatefi  Declination  ;  where-* 
ibfc  if  the  Tangent  of  aj  deg.  2^  min.  be  fet  off  in  the  Meridian 
from  p  to/,  you  will  have  the  Center/  of  the  Ediptic  a  ©  gr,  Jn  this 
ftafeftidn. 

CirdeS'of  Cceleftial  Longkiuk  mc  projeded  in  this  Cafe  after  the 
4tme  manner  as  the  Hoor  Ciccles  or  Circles  of  Right  Afcen/ion  are 
in  the  former  Prokkm,  viz*  by  making  the  Semi-diameter  or  Radius 
/^i^  the  Equiaofiial  CoIubc  a  A  q^  equal  10  xhe  T^gent  of  45  de 

sfcesu  md  laying  ofiftbe  Xafigem-a  the  Aqgie  of  Ino^inaaon  of  the 
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bjcded  with  the  EqninoAi* 
Ic^  to  the  Solftitial  Cohirc 
rfeifor  Example y  it  were  re- 
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and  after  the  Hime  manner 
drawn. 

^^Is  to  the  Ecliptic  are  drawn 
Declination,  or  Parallels  to 
gard  being  had  to  their  dif- 
q,  but  thefe  arf  here  omit* 
les. 

ce  is  diftant  from  the  Pole 
atitude  of  that  Place,  if  "the 
plement  of  the  Latitude  of 
z.  will  rcprefcnt  the  Zenith 
ole  a  Great  Circle  as  afq 
f  the  Horizon  of  London  in 
he  lame  Latitude, 
e  Zenith  %,  (whofe  Center 
Plane  of  the  Projedion  by 
tude  of  the  given  Place)  is 
eft  Azimuth^  as  the  Circle 
:th  or  South  Azimuth. 
iven  Angle  with  the  Prime 
as  a  Circle  of  Longitude  ia 
\  former  ProUem  :    By  ma- 
given  Angle  or  Diflcrence 
wing  the  Line  «,w  form- 
Angle,  tilt  it  cut  7  w  in  tu : 
izimuth  Circle  4.1.4,  fixm- 
I  30  degrees. 
)  degrees  to  the  Radius  t&j^. 
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the  ItAttiikti  z^p  y,  then  will  w  he  the  Center  of  die  Azimuth  Cir« 
de  to  be  drawxi,  aid  w  t,  the  Radius^  which  Ritdius  &  xu  is  likcvtrife 
^ual  to  the  Secant  of  the  iame  Angle^to  the  Radius  z,y. 

After  thc&Qxe^xaanii^r  may  ^yorhtfAztaiath  Circle  bedrawn^ 
or  the  Angle  which  any  two  A:&imuth  Qrcles  make  be  determined. 
'  Almicanthersor  Paraliei^of  Altitade,  are  drawn  after  the  fame 
aianiier  in  this  Cafe  as  the  Parallels  ofJDecIiaation  were  in. the  laft 
Jhrohiem^  by  fetting  off  the  Semi-taagent  of  dieir  greateft  and  lead 
(diilaQces  in  die  Xd^ridian,  from  the  Centei?  or  Pole  of  the  Froje^^i'- 
on^  (iii  this  C^the  Pole  of  the  Wotid)  on  the  fame  or  contrary  Sides 
according  as  the  Gi/e  requires^  to  obtain  die  two  Extremities  of  their 
refpedive  Diameters:  Suppofe  foi  E^aOfUy  it  were  required  to 
draw  a  Parallel  of  40  degrees  of  Altitude,  becaufe  this  Circle  is  dif« 
tant  from  the  Zenith  or  Pole  of  the  Horizon  1;  50  degrees^  if  the 
Semi-tangeDt  of  S8  deg.  a8  min.  the  Sum  of  the  difiances  of  the  two 
Pcriei^and  the  Small  Circlets  diflapoe  from  the  Zenith,  be  laid  oS  in  the 
I4ccidiaa  fromtheCencer  to  J,  it  will  give  one  Extremity  of  the Dia-- 
mccer,and  if  the  Semi-tangent  of  1 1  deg.  ^  %  mia.  tfaeDifierence  of  the 
twodiftanccSjbelaid'otf  ^om  thie  Center  /  on  thecpnrrarySideof  the 
Center^  becaufe  the  Small  Circle's  diftance  from  its  Pole  i%  greater 
than  the  diilaoce  of  the  Poles  of  the  EqoMor  and  the  Horizon^  to  c, 
it  will  gire  the  other  Extremity  of  the  Parallel  to  be  projeded ;  the 
middle  of  wUch  T  will  be  the  Center,  about  which  if  the  Small 
Orele  c^  be  defcribed,  it  will  be  the  Reprefanatiw  of  a  Parallel  o£ 
40  dc^teu  of  Altitude  in  this  Projedion ;  and  the  fame  Method  muft 
be  obferved  in  the  drawing  of  any^other  PaialM  of  Altitdde,  but  if 
fevetal  Parallels  are  to  be  drawn,  they  are  beft  of  all  done  by  tbt 
help  of  the  ^d  Cafe  of  the  9ih  ProHem,  <rf  the  iJ  SeSkm  of  the  4/A 
Part )  an  EKamfU  of  which  may  be  feen  m  the  former  Prelflfm  kt  the 
a^^M  Page  in  drawing  of  the  two  Ttopics. 

Ptob.  IV. 

Let  It  be  required  to  draw  the  Hoar  Circles^  or  Cird^  of  Righ^. 
Afccnfion^  Circles  ot  Longitude^  Parallels  of  Declifiation,  Tropics;^ 
Ecliptic^  &€.  Stereograpbicalfy  upon  the  Plane  of  the  Ecliptic. 

Let  r^ifiiv  (in  Plate  the  jtb)  reprefent  the  Eclibtic>  upon  the 
Plane  pf  whkh  the  Sphere  is  robe  ptojeded/ then  wul^  be  its  Cetn 
ter,  awitlicPoteofthePtojeaion.  ^      ^ 

Gggg  Becauic 
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Becaufe  the  Eye  in  this  Cafe  is  placed  in  one  of  the  Poles  of  the 
Ecliptic,  foe  ExamfU  (in  the  Southern  Pole)  the  Circles  of  Ccdefiial 
Longitude  will  become  ilreight  Lines  in  this  Projeftion  interfeaing 
each  other  in  the  Center  or  Pole  of  the  Projedion  x^  by  Cqt.  the  i/i 
of  the  Gen.  Drf.  o(Sell.  the  ifi,  of  Part  the  J^th.    Wherefore, 

Having  drawn  the  Diameter  T'jrtSi  %o  repcefent  the  £qukio£tial 
Colute,  at  Right-angles  to  it  draw  the  Diameter  «  ^  v,  this  w0I 
reprefent  die  Solfticial  Colure^  and  where  thefe  two  Diameters  ia- 
terfed  the  Periphery  of  the  Plane  of  the  Projcaioo,  will  give  the  four 
principal  points  of  the  Ecliptic  r  «  A  w  ^     v    •    .    ^« 

Again,  becaufe  the  Circles  of  Longitude  paffing  thro  the  firft 
points  ot  b  and  V,  n  and  ^ ,  &c:  arc  inclined  to  the  Plane  of  the 
Equinoftial  Golure,  at  Angles  of  jo  deg.  and  60  deg,  if  the  Chords 
ofjo  deg.  and  60  d^,  be  laid  off  in  the  Periphery  of  the  Plane  of 
the  Projcftion  from  T  and  s^  on  each  Side  towards  «  and  Vf ,  and 
the  Right-lines  «  ^^,  and  n  ^ ,  &c.  be  drawn,  they  will  be 
the  Rcprcfcntarives  of  the  feveral  Circles  of  Longitude  pai&ng  thro* 
the  feveral  firft  points  of  b,  n,  &c^  and  where  thefc  intcrfca  the 
Periphery  or  Ecliptic  r  « i^  vf,  they  will  give  the  fcyeraTfitft  points 
a,  n,  &c. 

After  the  fame  manner  may  any  other  Circle  of  Longitude  focrn^ 
ing  any  given  Angle,  with  the  Equino&ial  Colure  be  drawn. 

Circles  of  Coeleftial  Latitude^  inafmuch  as  they  are  parallel  to  the 
Eclipric,  and  confequently  in  this  Cafi  parallel  to  the  Periphery  oiF 
the  Plane  of  the  Projeftion,  will  have  the  Pole  of  the  Pn>je£kion  ^ 
fortbeir  common  Center  and  PoU,  and  their  Semi-diameters  will  be 
equal  to  the  Semi-tangent  of  the  Complement  of  their  refpedive 
diftances  from  the  Ecliptic  ;  Suppofe  for  ExamfU,  k  wece  rcauired 
to  draw  a  Parallel  of  10  d^rees  of  Northern  Latitude,  becauie  dus 
Circle  is  diftant  from  the  Pole  of  the  Ecliptic  7>  by  the  fpace  of 
80  degrees,  if  about  the  point  ^  as  a  Center,  with  the  Semi-tangenc 
of  80  deg.  the  Small  Circle  d,  i,  /,  ;,  be  dcfcribed,  it  will  be  the 
Reprefentative  of  the  Parallel  of  10  decrees  of  Laritude  in  this  Pro- 
jedion ',  and  proceeding  after  the  fame  manner,  may  any  other  Pa- 
laUel  of  Laritude  be  drawn. 

The  North  Pole  of  the  World  is  diftant  from  the  Pole  of  the  E- 
dipric  by  the  fpace  of  23  d^..  29  min*  wherefore  if  the  Semi-taiigeot 
<^  23  deg.  29  min.  be  fet  oft  in  the  Solftitial  Colure  from  2.  to  ^^  the 
point  /  wfll  be  the  Reprefimadve  of  the  Nonh  Pole.    Again^ 
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fiecaiifc  the  Six  a  Clock  Hour  Qrdc  is  inclined  to  the  Plane  c^ 
the  Proje&ion  at  an  Angle  of  66  deg.  3 1  min.  if  the  Tangent  of  66 
deg.  31  min.  belaid  oft*  in  the  Solftitial  Cola  re  from  ^  the  contrary 
wajr  to  the  Pole,  to  5,  the  point  .S'  will  be  the  Center  ot  the  Six  a 
Qock  Hour  Circle^  about  which  if  the  Circle  r  j»  ^  be  drawn,  it 
will  be  the  Reprefentative  of  the  Six  a  Clock  Hour  Cirde  in  this  Fro- 
jedion. 

And  Becaofe  the  Planes  of  the  feveral  Hour  Circles  are  inclined  to 
the  Plane  of  this  Circle,  at  Angles  of  15  deg.  30  deg.  &c.  if  the 
Tangent  of  1 5  deg.  30  deg.  &€.  to  the  Radius/  Sy  be  laid  otf  in  the 
LineiS',45,  from  S  each  way,  to  i  J.30,  &c.  the  points  15,  30^ 
c!rcl  will  be  the  Centers  of  the  feveral  Hour  Circles  to  be  drawn^ 
and  if  about  the  feveral  points  15,  30,  &c.  Circles  as/ 7,  p8,  &c. 
be  drawn,  at  the  diftance  of  i  y  /,  30/,  &c.  they  will  be  the  Rcpre- 
fentatives  of  the  feveral  Hour  Circles  upon  chis-Projeftion. 

The  Equinodial  or  Equator,  is  inclined  to  the  Ecliptic,  and  con^ 
fequendy  to  the  Plane  of  ihe  Projedion,  at  an  Angle  of  23  deg.  29 
ifiin.  ccual  to  the  Suns  greateft  Declination :  wherefore,  if  the  Tan- 
gent ot  23  deg.  2p  min.  be  fet  ofl'in  rhe  Solftitial  Colnre  from  ^  to* 
wards^  to  n^  this  point  n  will  be  the  Center  of  the  Equator,  about 
which  point  if  the  Great  Circle  TA  ^  be  drawn,  it  will  be  the  Re- 
pielentative  of  the  Equator  in  this  Projedion. 

The  Axtic  Circle,  Tropics,  and  Parallels  of  Declination  are  drawn 
after  the  fame  manner  as  in  the  2d  Protiem^  by  fetting  off  the  Semi- 
tangents  of  their  greateft  and  leaft  diibnces  from  the  Pole  of  the  E* 
cliptic  in  die  SolftitialColure,  on  the  fame  or  contrary  Sides  of  the 
Center  <  as  the  Cafi  requires,  in  order  to  obtain  the  two  Extremi- 
ties of  their  Diameters :  Suppofe  for  Examfle^  it  were  required  to 
draw,  rhe  Tropic  of  Cancer,  becaufe  this  Circle  is  diftant  nrom  the 
Pble  of  the  World  66  deg.  3  x  min.  it  the  Semi-tangent  of  90  deg. 
eqtial  to  the  Sum  of  66  deg.  3 1  min.(the  diftance  of  the  Tropic  from 
the  P<4e)  and  23  des.  25^  min.  equal  to  the  diftance  of  the  two  Poles 
of  the  Ecliptic  and  Equator,  be  fet  oflf  in  the  Solftitial  Colure  from 
•ar  to  ^,  it  will  give  one  Int^&ion  of  the  Diameter;  zad  if  the 
Semi-tangent  of  43  deg.  02  min.  (the  Difference  between)  66  deg. 
31  min.  and  23  deg.  2p  min,  be  fet  off  in  the  Solftitial  Colure  from 
•sr  the  contrary  way  to  c,  it  will  give  the  other  Extremity  of  the  Di- 
ameter, the  middle  point  of  whidi  will  be  the  Center^  about  which 
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je^tion,  en  the  feme  or  contrary  Sidc5,  according  »  the  Caji  re- 
quires, to  obtain  their  Diameters  :  thus,  if  it  were  required  todraw 
a  Parallel  ot  40  dcg  of  Altitude,  bccanfe  this  Circle  isdiftant  ftom 
the  Pole  of  the  Horizon  or  Zenith  a  50  degrees,  and  that  the  Zenith 
is  dif^t  in  this  Cafe  horn  the  Pole  of  the  Projeftion  14  deg,  jf  9  min. 
it  the  Semi'-tangent  of  64,  dcg.  $9  miti.tbeSum  of  the  two  given  dif- 
tanccs  be  fct  oft  from  ^  the  Pole  of  the  Prcieftion,  in  the  Meridian 
towards  z,tO  A,  it  will  give  one  Intcrfeftion  of  the  Diameter  of  tlic 
Stnalf  Cirdetobc  pro^fted,  and  the  Semi-tangent  of  3  j  deg.  5i  mia. 
the  dificrencc  t>f  the  two  gifen  tfiftances  be  ftt  oft'  in  the  Meridian, 
from  the  Center  of  the  Projedion  ^  on  the  contrary  Side  of  the  Cttk- 
tcr  to  f,  win  girt  the  otfier  Interfeftfon  ;  wherefore,  if  about  the 
middle  pokit  as  a  Center,  the  SmafI  Circle  A  j  bedefcribed  to  pals 
thro'  the  points  A  and  j,  it  will  Otr  the  Reprefcntative  of  a  Paral- 
lel of  40  deg.  in  this  Pro  jcftion.  ♦ 

How  any  Part  or  Portion^  of  any  projcded  Great  or  &nall  Cirde 
may  be  meafured,  or  how  any  Number  of  degrees  may  be  land  c^ 
upon  any  Cirde  from  a  given  point,  in  this  or  any  of  the  former  Pro* 
jeftions,  Iras  been  fiicwn  at  large  in  the  dtb  and  yth  Pr^hm  ciSeHiM 
the  2d,  of  Part  the  Ath. 

Any  of  the  Proje6tion$  thos  prepared^  wiH  readily  ferrc  to  rcpie* 
fent  all  the  Phenomena  of  the  Sphere j  and  give  S0iuti$m  to  alt  ProU^ 
ferns  propofed  cono^ming  rt,  and  for  this  Purpofe  I  fhall  make  Ufe 
of  the  Reptefentation  of  the  Circles  of  the  Spbere  upon  the  Plane  of 
the  SoKttti^  Colure,  it  being  m  this  Cafe  (uppofed  to  lye  under  the 
Meridian  as  ^efcribed  m  Praflenr  tht  ifi^  not  doubting  but  che  Rmuier 
will  cafily  be  able  to  trace  out  the  feveral  Triangles  in  any  of  the  o- 
ther  Reprefiihtations,  and  to  avoid  Confufion,  I  fhalt  defcribc  (ucb 
Cirdes  only  as  are  immedijtdy  neceflary  for  the  Bufinefs* 

Wherefore,  in  Mate  the  9th,  Let  ZPO  Q^NSR  rejwfenctfac 
Meridian,  or  in  this  Cafe  the  Soffiitial  Cdure,  P  the  North  Pole,  S' 
the  5fouth  Pole,  PS  the  Axis  or  Siir  a  Clock  Hoot-Cirde^  AQ^  the 
Equator,  art  the  Artie  Cirde,  and  ^  »  f  the  Antaruc  Cirde,  ^S> 
©  «,  the  Tropic  of  Cancer,  or  Parallel  of  the  Suns  diomal  Couife 
when  he  is  in  the  i/f  point  of  Cancer,  >^  £  ^  the  Tropic  of  Capri- 
corn, or  Parallel  of  the  Sun's  diurnal  Courfe  when  he  is  in  the  firft 
point  of  Capricorn,  and  «  W  the  Eclipric. 

Let  Z  reprefent  the  Zenith  of  any  Place,  fuppofe  Lmion,  and  I9 

the  Nadu-,  then  will  IN  he  the  Prime  Vertical  0^  Circle  of  Eaft 

and 
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and  Weft  Azimuth^  and  HO  the  Horizon^  thefe  things  beiag  pctnu&d, 

ic  is  manifeft, 

1.  That  all  thofc  People  who  have  the  Equator  ^jQ,  pafs  thro* 
their  Zenith,  in  which  Cafe  the  Axis  P  yf  lyes  in  the  Horizon,  will 
have  their  Days  and  Nights  of  an  equal  length  daring  the  whole  Tear, 
for  the  Horizon  P  S  cuts  the  Parallels  ®  (^  ®,  v  £  v,  of  the  Sun's 
diumal  Courfe  into  two  equal  parts,  whence  the  Semi-  diurnal  Arches 
or  Parts  above  the  Horizon,  are  equal  to  the  Seminliamal  Arches  or 
Parts  under  the  Horizon ;  and  this  is  called  a  Right  PofitioQ  of  the 
Sfhere,  becaufe  the  Parallel  of  the  Sun^s  diumal  Courfe  cuts  the  Ho- 
rizon at  Right-angles. 

2.  That  all  the  Inhabitants  (if  any  there  be)  who  have  either  of  the 
Poles  Pot  Sin  their  Zenithi  (fuppole  the  Northern  Pole  P)  in  which 
Co/r  the  Equator  becomes  their  Horizon,  will  have  but  one  Day  and 
one  Night  during  the  whole  Yeatf  that  is  perpetual  Day,  (in  this 
Cafe)  during  die  Time  the  Sun  is  travelling  from  the  (irft  point  of 
jlries  to  the  firft  point  of  Liha  thro'  the  Northern  Signs,  and  perpe- 
tual Night  while  be  is  travelling  from  the  firft  point  odJtra  to  the 
firft  point  of  Aries  thro'  the  Southern  Signs,  that  is  half  the  Year 
Day  and  half  the  Year  Night ;  and  the  contrary  to  thofe  who  have 
tlie  Southern  Pole  in  the  Zenith^  that  is  perpetual  Day  while  the  Sun 
is  pafling  thro'  the  Southern  Signs,  and  continual  Night  while  he  is 
travelling  over  the  Northern  Signs ;  for  in  either  Cafe  the  Sun  is  re- 
moved at  more. than  a  Quadrantal  diftance  kom  the  Zenith  for  one 
half  of  the  Year ;  and  this  Pofition  of  the  Sphere  is  called  a  Paral- 
lel Pofition,  becaufe  the  Parallels  of  the  Sun's  diumal  Coprfe  ®  ©®, 
V  £  MT,  are  parallel  to  the  Horizon  jiQ. 

By  Reafon  of  the  Excentricity  of  the  Earths  Orb,  which  is  M 
parts  nearly  of  the  mean  diftance  of  the  Earth  from  the  Sun,  the 
Earth  is  i8tf  Days  nearly,  in  travelling  thrb'  the  Southern  half  of  the 
Ecliptic,  and  but  179  Days  in  travelling  thro'  the  Northern  half, 
whence  it  comes  to  pafs  that  that  part  of  the  Earth  which  is  under  the 
North  Pole,  enjoys  the  prefence  of  the  Sun  longer  by  7  Days,  than 
that  part  of  the  Earth  which  is  under  the  Southern  Pole ;  and  there* 
fore  ftri&ly  fpeaking,  neither  .the  Day  nor  the  Night  under  eittec 
of  the  Poles  can  be  faid  to  be  half  a  Year  long,  but  this  Difierence 
in  Accounting  for  the  General  Pbcfuomeua  is  (eldom  taken  Notice  oC 

And  again,  by  Realbn  of  the  denfity  of  the  Air  near  the  Hori- 
zon, the  Solar  Rays  are  fo  refraded  that  the  Sun  appears  above  the 
Horizon  before  he  is  really  Rifen,  and  is  feen  in  the  Evening  after 
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be  is  really  Set,  whence  k  comes  to  pafs  that  the  Sun's  whole  Body 
may  be  feen  by  us  and  our  Antipodes^  at  the  fame  part  of  ablolute 
Time,  which  makes  our  Days  really  longer  than  they  would  other* 
wife  be,  and  then  is  found  by  Calculation :  And  inafmuch  as  this 
Refradion  is  greater  the  nearer  you  approach  either  Pole,  occafioned 
by  the  exceeding  coldnefs  ot  the  Air,  and  it  is  probable  that  this  may 
be  fo  great  near  the  Pole,  as  to  increafe  the  Length  of"  the  Day  by 
Ten  natural  Rays,  yet  this  Difference  in  the  duration  of  the  Days  is 
not^regarded  as  being  accidental,  and  makes  them  generally  iaid  to 
be  of  Half  a  Tears  continuance. 

3 .  That  ttiofe  People  who  dwell  within  the  Artie  Circle^  have 
contjnnal  Night  when  the  Sun  is  in  the  firft  point  of  Cafricoruj  for 
in  this  Cafe  ,the  Parallel  of  the  Sun's  diurnal  Courfe  is  at  a  quadran- 
tal  diftance  iBrom  the  Artie  Circle,  and  thofe  who  dwell  within  the 
Antartic  Circle  enjoy  continual  Day,  becaufeiio  point  within  the 
Antartic  Circle  lyes  at  a  greater  diftance  than  a  Quadrant  from  the 
Tropic  of  Caffic^tB  ;  and  on  the  contrary,  when  the  Sun  is  in  the 
firft  point  of  Cancer  the  Inhabitants  within  the  Artie  Circle  enjoy 
perpetual  Day,  but  the  Inhabitants  within  the  Antartic  Circle  per* 
petuai  Night. 

4.  That  by  how  much  the  nearer  any  Pla^e  wittiin  either  Polar 
Circle^  to  the  Pole,  of  the  greater  Number  of  Natural  Days  docs 
their  loogeft  Days  confift,  and  on  the  contrary,  the  longer  is  their 
loogeft  N^ht ;  fad  that  their  longeft  Day  begins  when  the  Dedina* 
doo  olf  the  Sun  ts  equal  to  the  Cbmplemenc  o(  the  Latitude  of  the 
Place^  ^  of  the  fame  Denomination,  and  that  their  longeft  Night 
b^itts  when  the  Sun's  Declination  is  equal  to  the  Complement  of 
the  Latitude  of  the  Place,  but  ot  a  contrary  Denomination,  of  on  the 
cootrary  Side  of  the  £quator.  Thus  for  Example^  in  the  Latitude 
of  Sociegfees  North,  and  which  Place  is  removed  13  |  within  the 
Airtic  Circle,  the  longeft  Day  b^ins  on  the  ^tb  of  i^ri7,  and  con- 
tmues  to  the  i6tb  oiAugufi  following,^  and  is  equal  to  133  Natural 
Days;  aiid  on  the  contrary,  their  longeft  Night  b^ins  on  the  %tb  of 
OShhTy  and  ends  on  the  1 1^6  of  Februarj  following,  and  condfts  of 
t%6  Natural  Day  ^  (horter  than  the  longeft  Day  by  7  Days,  occafion- 
ed as  before  mentioned  by  the  Excentricity  of  the  Sun^  and  after  the 
fame  manner  may  the  length  of  the  longeft  or  fliorteft  Day  be  deter- 
mined in  any  given  Place. 

5.  That 
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5.  Tfiat  ftli  tbofe  People  who  are  fchtsated  betw«efi  the  Eqaatoc 
and  cither  of  the  Polar  Circles,  will  have  their  Days  and  Nights  loa- 
-ger  or  (horter,  according  as  the  Sun  approaches  nearer  to,  or  re- 
ceeds  farther  oft  from  their  Zenith,  bur  their  longeft  Day  or  lea- 
geft  Night  will  never  exceed  one  Natural  Day  or  24  Hours,  and  the 
Ppiicion  of  the  Sphere  in  this  and  the  former  C^  is  called  an  Oblique 
Foficion,  becauk  the  Equator  and  the  Parallels  of  the  Sun's  diutnal 
Courfe  cuts  the  Horizon  at  ObHqiie  or  unequal  Angles* 

€.  To  determine  the  Time  of  the  Rifing  and  Setting  of  the  SUn, 
the  length  of  the  Day  and  Nigh?,  hi$  Amplitude,  &c.  in  any  of  thefe 
Places  fet  off  the  Latitude  of  the  Place  propofcd  fcom  P  to  O,  and 
draw  the  Horizon  HO,  and  at  Right-angles  to  it  the  Prime  Verti- 
cal ZN,  and  let  the  Sun  be  fuppolcd  to  be  in  the  fidd  ppint  of  Can* 
eer  or  moft  Northetmoft  point  of  the  Ecliptic,  then  wiB  «  K  X  the 
Tropic  of  Ctf WW-/ become  the  Parallel  of  the  Sun^  diurnal  Couiie  in 
this  Cafe^  '•rhence  it  is  manifefl",  i.  That  when  the  Sun  arrives  at  X 
it  fs  then  Midnight  to  the  Inhabitant  at  Z,  that^iiT equal  to  the  Dif- 
ference (in  this  Cafe)  between  O  Q^  the  Complement  of  the  Lati- 
tadeof  the  Place,  and  the  Sun's  Declination  j^,^  i«  tquz\  to  the 
Sun*s  greateft  Depreffion,  and  that  Z^equal  to  the  Arch  O  JIf  in- 
creafed  by  a  (^adrant  Z  O,  is  equal  to  tJie  greateft  diftance  from  the 
Vettex  at  that  time,  * 

As  the  Sun  is  carriedop  in  the  Parallel  JSr«  from  A?' towards  «, 
when  he  arriies  at  O,  that  is  where  the  Parallel  of  the  Sun^s  diunal 
Gourfe  cuts  the  Horizon  he  there  appears  to  Rife  5  wheitforc,  if 
the  Arch  of  the  Equator  5^^  equal  to  the  Arch  JFO,  equal  »  the 
Semi-diurnal  Arch,  be  comrerted  into  Time,  it  wilf  give  the  Hour 
of  the  Sun's  Rifing,'  but  taken  from  a  Semicircle  will  give  the  length 
of  the  Semi-diurnal  Areh  ®  « ;  this  therefore  converted  mto  Time 
will  give  the  time  of  Sun  Setting,  for  as  the  Number  of  Hours  between 
Midnight  and  the  Sun's  Rifing  gives  the  Hour  of  the  Sun's  Rifing,  fo 
the  Number  of  Hours  between  Noon  and  San  Setting,  wiD  give  the 
tim^  oi  the  Setting.  ^ 

•  As  the  degrees  of  the  Equator  anfwering  to  the  point  B,  cut  off 
by  the  Meridian  PeBS  paffing  thro'  the  Sun,  is  called  the  Right- 
Afcenfion  of  the  Siin,  becaufe  it  is  the  fame  point  of  the  Equator  that 
Rifcs  with  the  Sun  in  a  Right  Sphere,  fo  the  point  of  the  Equator 
r  which  afcends  with  the  Sun  in  this  Sphere  thus  inclined,  is  called 
the  Oblique  Afcenfion,  and  their  Diflfereacc  or  the  Arch  rjB,  which 

is  called  the  Afcenfimal  Plfiereoce^  is  ever  equal  to  the  Excefs  or 
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ef  cfaeSemlrSolat-Dajr  above  Rx  Hours,  or  its  Defcfk  to  the  fame ; 
wherefore  if  T  J5  be  converted  inco  Time  and  fubilrafted  from  fix 
Hours,  in  tHis  Cafe,  it  will  give  the  time  of  the  Sm  s  Rifiiig,  but 
added  to  fix  Hours  will  give  the  time  of  the, Suns  Setting.  ; 

Again,  bccaufc  the  Sun  s  Amplitude  is  equal  to  the  Arch  of  the 
Horizon,  intercepted  between  the  Sun  and  the  £aft  point  of 
the  Horizon  at  his  Rifing,  or  the  Weft  point  of  the  Horizon  at 
his  Setting,  if  the  Arch  r  S  be  meafured,  it  will  give  the  Ampii- 
tode  ctf  the  Sun  in  this  Cafe  ^  that  is,  how  far  he  Rifes  and  Sets  to  the 
Northward  of  the  Eaft  and  Weft  points  of  the  Horizon. 

When  the  Sun  arrives  at  H  he  is  then  fix  Hours  diftant  from  the 
Meridian,  wherefore  if  the  Vertical  Circle  ZHIi  be  drawn  thro'  the 
Son  at  this  time,  the  Arch  HC  will  give  rheSun*s  Height,  and  the 
Ardiof  the  Horizon  CO  will  give  his  Azimuth  from  the  vifiblc 
Pole  ?,  which  is  Eafterly  if  it  be  in  the  Morning,  but  Wcfterly  if  it 
be  in  tbeAftemoon. 

Again,  if  it  be  required  to  find  when  the  Sun  will  appear  due  Eaft 
or  Weft,  and  his  Altitude  at  that  time,  thro'  the  Interfedion  /  of 
the  Parallel  «  X,  and  the  Prime  Vertical  Zr  N,  let  the  Hour 
Circle  or  Meridian  P  IS  be  drawn,  then  will  the  Arch  /  Y"  be  equal 
to  the  Sun'^  Height  above  the  Horizon,  and.  the  Arch  of  theEqua-^ 
tor  T  D  ecfual  to  the  time  after  Six  in  the  Morning  when  he  will  ap- 
pear due  Eaft,  or  how  long  before  Six  in  the  Evening  he  will  be  fcen 
in  the  Weft,  this  therefore  converted  into  Time,  and  added  to;  and 
fubftrafted  from  Six  Hour$>  will  give  the  Time  when  the  Sun  will 
appear  due  Eaft  and  Weft.  '[  ^' 

*  Again,  if  the  Arch  of  tlie  Equator  DA  be  converted  into  Time* 
it  will  (hew  how  many  Hours  before  Noon  the  Sun  will  appear 
due  Eaft,  and  the  time  in  the  Aftembon  when  he  will  appear  due 
Weft ;  for  the  Arches  T  D  and  DA  do  together  make  a  Quadrant 
or  Six  Hours. 

Again,  if  the  Hour  of  the  Day  and  Azimuth  of  the  Sun  at  any  o^ 
ther  time  be  required,  his  Altitude  being  firft  given,  about  the  Ze^ 
oith  Z  let  the  Parallel  qKb  be  defer  ibed,  at  the  dif^ance  of  the  Com- 
plement of  the  Sun's  Height  at  the  time  of  Obfervation,  where  this 
interfeds  the  ParalleUof  the  Sun's  diurqal  Courfe  as  at  if,  it  will  giv6 
the  Place  of  the  Sun,:*thro'  which  if  the  Hqjot  Circle  P£S  be  drawn, 
the  Arch  of  the  Equator  ili^  converted  into  time,  will  give  tlie 
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Hoar  if  it  be  in  the  Afternoon^  bat  lubfitaAtd  from  Twcffre  H^Mi 
will  give  the  time»  if  the  Obfervatioii  was  taken  te  tfaeMomiR|. 

A^un,  if  thto'  the  (ame  point  JiT,  a  Vertical  Circle  as  Z  a  £  iV 
be  drawn,  the  Arch  of  the  Hodzon  EH  will  give  the  Sun's  AwagaA 
at  that  time,  that  is  how  much  he  appears  to  the  Eailwarel  of  the 
Meridian  if  it  be  in  die  Mornings  or  how  much  to  the  Wefturard 
if  it  be  in  the  Afternoon. 

Laftiy/when  the  Son  arrives  at  ^  it  i$  then  Mid'-day  or  High. 
Noon,  and  if  the  Decimation  ^  ^  in  this  Cafe  be  added  to  the  Com* 
pkmentof  the  Latitude  AM^  it  will  give  the  Sun's  gteateft  Meridian 
Altitude  ^H^  but  fub(hraftcd  ftom  the  Arch  2^  equal  to  the  Latimdc 
of  ^Phice,  will  leave  i?'  the  Meridional  or  leafl  Zenith  DifiaMc 

Let  fss  now  fbppofe  the  Sun  to  be  in  the  fttd  point  at  G^Hxom^. 
or  mod  Soothermoft  point  of  the  Ecjiprfc,  that  i$^  sis  far  difiant 
from  the  Equator  to^rds  the  Souths  as  he  was  in  the  former  Cafir 
to  the  Northward^  then  wjU  v£.r  the  Tropic  of  Capricomi  bt^ 
come  the  EaraUel  of  his  diurnal  Courfe ;  whence  it  is  obvious, 

I.  That  0*r  the  Sun's  Depreffionat  Midnight  in  this  Cafe^  is  e- 
qual  to  iX«  his  Meridional  Altitude  in  the  former^  for  the  Arches 

^.  That  H  V  his  Meridional  Altitude  in  this  Cafiy  \t  equal  to 
OX  his  grcatcft  DepirfEon  in  the  former,  for  the  Awhes  HA^A  v 

3  .That  his  Afcenfional  Difl^nence  r  £  in  this  C^  it  eooal  to^ 
the  Afcenfiona)  Difitrence  T  &  in  the  former,  for  the  Trfandes 
r  £  Fand  r  0  B  are  equal  :  And  bccaufe  the  Ofotfque  Afcennon 
in  this  Cafi  is  more  than  the  R%ht  Afcenfion^.  but  left-in  the  former 
it  follows, 

/^  That  the  time  of  the  Sun  Rifing  in  the  prefent  €afty  h  the 
fame  with  the.  time  of  hi^  Setting  in  the  former  C4/},  and  confoqaent* 
ly  the  time  ot  his  Setting  in  the  forn^er^.  the  {amc^ilh  the  time  o! 
I^s  Riftng  in  this. 

5»  That  the  Semi-diurnal  Arch  •  ®  inthe  former  C;/reqnai  to 
the  Arch  of  the  Equator  AB  is  equal  to  the  Semi-noftumal  Arch  r  B 
in  this  Caffy  equal  to  the  Arch  ot  the  Equator  X2i^^n^<^<^^^°^^ly 
the  length  of  the  Day  in  the  former  Cqfi,  is  equal  to  -  the  fength  dF 
the  Nightin  the  prefent  €nfi. 

6,  'Diat  the  Semi-noftumat  At-ch  ®  ATin  theformcr  C?j/^  eqoal 
to  tU  Arch  of  the  Equator  BQj,  is  equal  to  the  Semi-diurnal  Arch 


S  V  klliisC^i  equal  to  the  Arch  of  the  Equator  AP ;  Whence  it 
SoMows,  that  the  Icbgth  of  the  Night  in  the  former  Cufi^  1$  the  fame 
wiifa  the  length  ^f  the  Da/  in  the  prefciit. 

J.  Tl^at  the  Amplitttde  r  C  in  the  termer  C4f/i,  is  the  (kme  with 
the  Amfditudc  Y^  £  in  the  pie&nt  difi,  but  the  contrary  vriy^  and 
conftqueutlf  the  Sun  Ikifss  and  Sets  as  much  to  the  Southvrard  of  the 
£aft  and  Weft  points  in  this  C^fi^  as  he  does  to  the  Konhward  of 
the  £aft  and  Weft  in  the  foraier  j  and  conJcquently^ 

9,  The  AiopUtodc  is  at  all  times  the  fame  way  with  the  Peclitta'- 
ciei^  chat  is,  if  the  Sun  be  to  the  Northward  of  the  £quator>  or  ha^e 
North  Declination^  he  Riles  a«d  Sets  to  the  Northward  of  rhc  Eaft 
a«4  Weft  points  of  the  Horizon,  but  if  he  be  to  the  Southward  of 
the  Equator  and  hare  South  Dedination,  he  Kilts  and  Sets  to  the 
Southward  of  the  Eaft  and  Weft. 

And  thefe  Law  obtain  at  all  equal  degrees  of  Declination,  6ft 
eootrary  Sides  of  the  Equator. 

If  the  Place  be  to  South  latitude,  chat  is,  if  the  South  Pole  be 
Elevated  above  the  Hociaov  then  the  Semi»nodumai  Arch  in  ^  for- 
mer C^ft  Ucoines  the  Semi-diotml  Arch  in  this  Cftfit^  and  the  Semi* 
noAumal  Arch  in  this  difi  becomes  the  Semindtumal  Arch  in  tbe 
famar  ;.aftd  eoRfeqifsntlf  the  length  of  the  Dtay  m  the  fotmer  Is 
eqpml  to  the  le^h  of  the  Nifht  in  die  lacterr  and  the  time  of  the 
Sun's  Riifing  in  the  one,  the  Tame  with  the  tiae  of  the  Sun^s  Settitfg; 
in  the  other;  and  this  will  happen  at  all  equal  degrees  of  Ls<Itttde 
4UKi  Declination,  but  of  contrary  Denominations. 

Let  us  fuppofe  the  Sun  in  the  Equator,  then  will  AT  Q^bc  its 
-dinmai  Path ;  whence  it  is  manifefi»    . 

I.  That  the  Midnight  DeprefiAA  0O^  is  equal  to  the  Meridion- 
al Altitude  AH,  and  each  equ4  w  ifae  CMH^Itiaent  of  the  Latitude 
PZ. 

%.  That  the  Semi-nei^btlMl  Aith  T  Q^kt^X  to  the  Semi-diur- 
nal Arch  A  T^  for  the  Hoosoa  iil?  divide  the  Equator  A  Q,  into 
two  equal  parts  in  the  p^fit  T^  and  this  £quality  of  Days  and 
Nidits  happens  to  all  the  InhabitaiifS  upon  the  Eartb,  except 
under  the  very  Poles,  at  v^ictr  mae  ^  6ttfr  moves  in  the  common 
Horizon  of  each,  and  the  perpetual  Day  begins  to  the  Inhabitants 
under  the  North  Pole,  and  the  continual  Night  to  thofe  who  dweH 
under  the  South  Pole  when  the  Sun  enters  into  the  ficft  point  of  Aries» 
and  the  contrarylwhen  he  enters  into  the  firft  point  of  Libra,  that  is, 
dio  coMinMl  Dlay  ends  to  the  Northern  Inhabitants^  and  the  Sun  ap- 
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pears  to  the  Southern  and  cpnfequcDtly  their  .perpctiul  Day  be^ 

gins. 

3.  That  the  Afccnfional  Kflfcrcocc  vanilhes,  for  the  Oblique  AP 
cenfion,  Delccnfion,  and  Right  AfctnflOn  are  the' fitine,- and  confe... 
quently  the  Sun  Rifcs  and  Sets  at  tht  Hour  of  Six: 

4.  That  there  is  no  Amplitude,  .for  the  Sun  Rifesia.the  Elft^ 
point  of  the  Horiroii,  and  Sets  due  Weft. 

5.  That  if  ahout  the  point  Z-as^a  Polc^  a  Parallel  be  defoibcd  at- 
thediftarceof  the  Cornplemint  of,  the  Altitude,  the  Arch  of  the E- 
quator  T^  intercepted  between  this  Interfeaion  Tai  ths  Parallel  of- 
Altitude,  will  fhcw  the  Hour  from  Noon. 

fi,  TTiat  the  Arch  of  the  Horizon  iy£  intercepted  between  the- 
Verticil  Circle  Z  £riV and  the  Meridian  ZHNw'AX  fhewche  Azi-. 
muth  of  the  Sun  at  the  fame  time. 

Aftpr  the  fame  manner  may  the  time  of  the  Riling,  Setring,  ChI- 
mjiiatjon,  ^f..  of  any  Star  be  determined,  povided  the  Differenced 
th$.  Right  Alcenhon  or  Arch  of  the  Equator  intercepted  between  the 
Meridian  paffing  thro*  the  Sun  and  Star  be  known. 

How  the  Doiirine  ci  Spherical  Triangles  is  applied  to  determine 
th&  length  of  any  Pare  orPottion  of  any  of  theGteat  Circle  in  tfaefe^ 
Ptojedions,  and  confequently  to  determiDe  the  eu£fctimc  of  the-. 
Rifmg  and  Setting  of  the  ^n,  his  Amplitude,  Aziiautb>  <^(.  .ihtll  : 
b^  th^Bv£acl$ofu]e  next  <S<r£?(o» 
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SECT,  m. 

Ontjainirig  the  A^fiicatm  of  Spherical  Trigonometry  - 
to- the  SQlution,.of  the  (hief  and  ptimary  TobUms  of^ 
Aftronomy,    arijing  from  the  i'mrnal  Motion  of  the  .- 
San,  or  the  Station  oftheE^nh  dout  her  Axis,. 

Jnd:v4>ichare  of:t»9  Sorts,,, 

].,  ^n  Eneral,  .tiiiu.  fach  as  are  common  to  all  the  Inhabitants  up-^.- 
VJt  on  the  Earth  at  the  fame  time^  and  fuch.are  tbofe  that  rer  - 
qqire  the  Sun's  Right  ATc'^nfion,  and  pecUnation,  his  Place  being  ^ 
frft  given,  <^c. .       -  ^ 

a.  .Particular^  that  is  variable  in  dilEerent  Latitudes,  and  fu6h  are  - 
diofe  that  from  the  Latitude,  of  the.  Place>  and  the.  Declination  of  • ' 
thff  Sun  require.  ^  •  , 

1.  His  Amplitude,  Rifing,  and  Sfttingi  that  »,  how  many  de- 
dgrees  he  Rifes  or  Sets,^  from  the  true  Eaft  or  Weft  points  of  the  . 

Hprizbn.  _  .«•/•*. 

2.  His  Afcihfional  DiSfertncCi  or  how  long  tmie  he  Rifcs  onScts  ; 

before  or  after  the  Hour  of  Six,  and  thence  the  qcad  time.af  bis . . 
Rj^  or  Setting  in  .any  Place. 

5,  His  Height  at  the  Hour  of  Sfacv 
.4.  His  Azirautli,  or  upon  what  point  of  the  Compais  he  appears  v^ 

at.thc  fame  time.  ..  .     ^  «      .„  « 

5.  His  Height  when  he  appears  due  Eaft  or  Weft. ' . 

6:  The  time  when  he  appears  due  Eaft  or  Weft.   ' 

7.  His  Height  at  any  time  when  he  is  in  the  Equator;- 

9.  His  Azimuth  at  apy  time  when  he  is  in  the  Equator, 

o.'  (lis  Height  at  any  time,  when  he  is  in  any  othet  point  of  the  .• 

10.  *HivA»mttth  4t  wy  time  whco  he  i$  in  any  poiot  of  rfw  .£j 


14^  A]irm9lmaA  Pi'o^lflnr. 

Of  each  of  therein  their  Order. 
And  beoufe  Che  Sim'«  Plaoe  k  the  Edipcic  isfiijVOfiui  to  befltft 
luwwfi  or  given  in  aU  Probkm  of  the  ^/M>  let  it  be  required  ia 

Prob.  L 

From  the  Sn^s  LoegitBdci  and  gnaat^ft  0eeliiUKibn  (which  ac- 
.^otcyog  to  thcCoRcft  Obfetvatioas  of  the  h«e  Celebcated  Hx.Blam- 
/^^Cis  found  to  be  13  d«g.  a9  nin-J'  to  find  bis  prcftat  Decliaatioa 

wd  Risht  Afeei^n. 

&ttmftt. 

On  the  7**  of  A«i^  i7»o,  at  Noon,  according  to  the  FUm/beikm 
Solar  takku  the  Son  wa«j»  Temms  ty  dtt.  3  j  nun.  57  (cc.  let  it  be 
required  ftom  thence,  to  find  his  prdent  QecUnaaon  and  Right  Al- 
crofion.  his  gteaecft  Pcd hurtioB  or  the  ObKqmy  •£  the  Ecliptifi, 
bcingilxtdasbefottactsdeg.  %fm». 

(.  CTpon  the  Plane  of  the  Soiftitiil 
Colore* 

I,  Tbio'  the  Center  Tof  theCitde 
P  Q,S  A  repreienting  the  Solftitial  Co* 
ksx^draw  th«  Equator  ATQ^  and 
Q^  at  Rigbc-an^es  to  it  the  Axis^  or  in 
this  C^e  the  Bquioo^^ial  Coture  i'T^ 
then  will  P  be  the  NetthetB  Poli^  and 

^    ^  the  Souchen. 

%.  Draw  the  Ediptic  «  T  v,  form- 
bgaaAogleof  23  deg.  29  mm.  with 
IRC  xLquaror  ji^gj  »>«  ^^^^  it  at  R^t-at^les  with  its  Axis  PS. 

I.  Set  otf  die Senvkingm  of  S7<k^.  3}mio^S7rec  tiicSim'^s 
Lotigttadc from  rtowaeds  «  co €>y  thca  wild  ®  reprdcot tbe Fhce 
of  the  San  in  die  Ecfipcic* 

4.  Thro'  ®  and  the  Pokss  P  aadj;  daw  tiic Hoar  CkdtP&RS^ 
tlm  wm  Oil  be  the  Slug's  pi^irat  Decliu 
Afcenfion  from  T^  each  of  which  may  be  meatuted^y  Cafi  the  a^ 
iod  af4  o£iHi^fa»tb(  T^it^  of  A0r»tfae  a^jQl* Pdirt the  41**     _^ 


ft.  *tU  Stertif^aliiie  Stktkm  vpoo  the  Flaae  d  tfie  Equator. 

"^  1  .Tko'/>  the  Pole  of  the  Qrde  TA 
tt  Q,  repidaickif  the  Equator,  draw 
1^  f/p¥>^\i\  Coiiue  fP'^t  xul  at 
Righc-angks  to  k  the  SoUUdal  Coliut 

AP^Q. 

».  Thro*  the  po««  T  driw  the.E- 
diptie  IT  •  li^,  tocmiog  an  Ai^lt  of  r 
tidtg'  ap  mia.  witk  the-£laofr  of  the. 
Projeakmt  (by  C/^e  the  giof  Pr«*/«« 
the  9<i!,  of  Jirfim  the  id  oiPm  the 

J.  Set  otf  the  Sun's  Longitude  ^7 
dffi.  3i  mn.  57ftc.  in  the  Ect^tiCt 
•  from  r  to  ®,  and  draw  the  Hour  Cirde  /» ®  ^,  then  wiU  ®  il  be- 
the  Son^s  prefent  Declination,  and  r  A  hi«  Right  ACctafioa  ftom 
^hc  firft  point  of  ^«^/,  each  of  which  may  be  meafured  (by  €4^  the 
aif  and  3d  oSPrtUm  the  yiA,  of  AOfM  the  ad  ^/>«^  the  4tb. 

2.  7]br  Sttreaptfhit.  Sttutku  upon  the  Ftane  of  the  Ecliptic 

a.  Thro'  f  the  Pole  of  the  Cirde 
Y*  V  ta  teprefendng  the  Ediptic^  draw 
tbe  Circle  of  CcdefiMlLongitude  Tpf, 
and  at  Righf^ar^te^  to  it  the  Sdftitial 

Colore  w^«'       .  .      . 

».  Set  off  the  Semi-tangcnt  of  aj  deg. 
29  oiiD.  m  the  SoUHtial  Colaie  from /r 
to  P,  then  will  P  be  the  place  of  die 
Korth  Polc»  about  which  a»a  Pole  Cor 
which  i$  the  fiune  thing)  thro*  the  poiatr 
T  draw  the  Equator  T  A^,  at  an 
Angle  of  »3  deg.  %$  tua-  with  the  E? 

ftom  r  to  ®,and  draw  the  fioorCkde  P  «  ^.  ^7  f*-**^  *«J.g* 
Y-  «  be  the  AlcenfiooalDiactence,  and^®  ?*  P'f^.Sr**? 

iueaeh  of  which  mav  be  meafured  by  C^  ibe  iiaiPnUm  the 
yi^of5«fi«»theadWi'4WChe4^&  ^^ 


Bnt  to  dptcrmine  their  Quantity  by  Galcplation,  * 
*  In  the  S^  hencal  Trunglc  r  ®  R  (See  each  of  tbe  thr$e  ProjeStons}^ 
*'  Right-angled  at  A,  are  given  V  ©the  Sun's  Longitude  from  the  ncxr 

•  Equinodial  point  i^,  equal  to  Sydeg.  33  tain.-  J7  fee.  and  the  An- 
f^\c<^  T-  R  the  Sun*«  grcatelk  Dedinatioa,  or  thcObJicjuity  of^te 

-  Ecliptic,  equal  to  2}dtg.  i^mia.  wh^ce  (by  the  ^^  £x/»»5pfr  of 
'  'Cafi  the  J  thi  %>i  Right-ax^leJ  Spherical  Trimgles) 

To  find  the  pTefent  DeclinaHon. 
^  It  Willbe,  Ai^  il    S.  ®  T  R:  :S.  r  ®  :S.@  R;  that  is; 
As  the  Radius        ■  »«      '  ■       ■  ■     ■    ■■  ■    ■  to.ooooooo 

.  .  'I  ■      ■■ 

-To  the  S.  of  the  Sun^s  Longitude fix>m ^^ri^/  y7.33.y7  — 9.9263457 

So  is  the  Sine  of  his  greaceft  Declination  23  29  ^—,-.^.5004090 

^^TotheSineoftheprerent  Declination  1 9.39.10!     »      ■9.5257y57 

•Which  is  ISTorth,  becaufc  the  Sun  is  in  the  Northern  Signs. 

i  Let  the  Cirde  of  Right  Afccnfion  Pr  0  S  (See  the  ifi  Figure)  be 

'  drawn,-  to  cut  the  Ecliptic  in  the  point  0,  as  far  diftant  from  the  E- 

quinodial  point  T  in  the  Southern  Semi-circle,  as  ihe  point  ®  is 

diftant  Trom  the  Equinoftial  point  in  the  Northern  Semicircle,  then 

will  the  two  Spherical  Triangles  T  (i>  R  and  T  0  r  Right-angled  at 

•  il  at  r  be  equal  in  all  refpeds,  and  confequcntly  the  Side  ro  of  the 
Triangle  Tory  equal  to  the^Sidc  ©  ii  of  the  Triangle  r.®/{, 
and  bccaufe  the  Pole  or  Center  of  the  Circle  PQ^SA,  is  common 
to  the  two  Equinodial  points  Aries  and  Utray  it  follows,  that 
when  the  Sun  is  at  the  fame  diftance  from  either  of  the  Equino&ial 
points  Aries  or  Libray  that  then  the  Quantity  of  the  Declination  is 
the  fame,  butofdiftirent  Denominations,  according  as  the  Sun  As 
converfant  either  in  the  Northern  or  the  Southern  Signs  •  fo  that  in 
the  prefent  C^/*^  the  Declination  i9cleg.  39min.  iofcJr.^1,  is  com- 
mon in  the  Norrhen  Signs  to 

«  ^f  33'  57",  and  Si  02*  26*  oj". 

And  in  the  Soutliem  Signs  to 
^^f  if  57"»  and  -02^  26'  03": 
Each  of  which  points  are  diftant  y7  deg.  33  mia.  y/  fee.  from  the 
tiext  Equinpdiial  point.    . 

2.  To  find  the  Right  ATcenfidn,  it  will  be  by  the  li  Examph  o£ 
ihc  J^tb  Caje  o(  R^^ht^^led  Spherical  pian^U^^    ^- 


W      ■     >  !■■!  I   »1       ■■        I      IM 


—  to.  0000000 


Afd^eniibti 


^*- 


i6.iyp3^k 


V^^^Oif  lyi  /5iwr#>tbcSi(fe  r  ^  oif  the  TtMogle  r  @ili  dsc^ 
qual  to  the  Si<fc  i^r  of  tte  Twanglcr  r  a  t^  it  is  maoiTcfr,  that  the 
faafe  Quam iries  ci  Rigl^c Aicc^Aoii  mmbred  fcomrtbe  iica.ttll  Equi- 
itdftiai  points,  corrcfpond  with  the  iame  Qutttities  of  Longitiide 
fiumbred  firom  ^^  Cime  Eqoinoftial  Potnts*.  Wberefoiv^  to  fioi 
the  RighrAfaenfion  frcMi  theiirft  point  of  Ar^  cbkivt^ 

«/If  the  Sttitbein  thefirfb  Q^adtant  of  the  EcHptic/that  i^;  be^ 
twees  the  firft  ^omt  of  ArksMd  the  firft  poiar  of  Gmcvr^  tbctr  the 
flij^t  AfcenfioQ  foatfd  is  the  Right  Afcenfioo  numbred  fr<m  thc^^ift 
point  of  ./IMrr ;  thus  m  the  piefeo  t  Bxmmfk^  b^caafe^  the  San  is  Aip^ 
f>c^ed  to1)e  jnthefiiftQitadraiitidf  the^Edq>d^ 
ft7deg.  33  mm.  57  (ec.  the  Arch dif  the  Equator  TA  equal  to -^t 
deg.  17^  min.,of  fee/i  found  by  Gal^ularidii,  v|S  the  Ri^c  Afceaiioii 
Qombitdfrom  the  firft  point  of  ^rreiC  ,.     t 

a .  If  Che  Siai  be  in  the  fecohd  Qoadrant  of  the  Ecliptic^  thkt  is» 
between  tUe  firft  point  of  €iiAr^  aim;  theAiftpoint  of  Zi^^iy  then  the 
Arcfe  of  die  fiqusMoIr  gfm  by  CaiciilaaQft  fahfti^iiaed  from  \  80  deg^ 
(the  Right  Afcenfion  of  tfaefiifbpbiu  of  2^d)^it^^QltheR^t- 
Afcenfion  nombred  &om  the  firft  point  of  Ariis ;  tor  ExamfU,  ^p» 
pofe  the  Sun  at  ®  in  the  feco^d  (^juitant  of  the  Ecliptic,  to  be  in 
Leo  2  deg«  26  min.  03  fee.  which  is  as  far  diilant  from  the  Equinoc* 
tial  point  Ukra,  as  in  the  form^C^  the  Sun  was  difbnt  from  the 
Equino£tial  point  Aries ;  then  in  this  Cafe,  if  the  Arch  of  the  Equz-' 
tM^^idesfM'toifflJ^^^ 

6bVdi  i(|i^iguth^Rugto  oTtl^  firA  ipoijit  <if  Z>fi«^'  tho 

Remainder  1 24  deg.  41  min.  55  fee.  I>  will  be  the  Right  AfccnfioR^ 
of  tiie  Soil  numbred  ftom  th^&^^picgptof  Aries. 

2.  If  the  Son  be  in  the  third  i>Iadrant  of  the  Echptic,  that  is/ be- 
t«fotfa6{£«ftpOfAo(bf  i^^MltkdT  Mtfoisdiomi^Anfi-^n 

tfav^fcb  o()dM  ii^fmKf^}^iii^^       JtikMM  the  Right 

tn  ^:)biin\it\Qj  ziA  bni>  clii*iirifr)-t  nrl  u   ni  hnR  .-mmL^m  Alc6«» 


2  50  Afiironmknt  f'rohlems, 

Afccnfion  of  the  firft  point  of  Libra  equal  fo  i8o  degrees^  will  gjve 
the  Right  Af^enfion  numbrcd  from  the  firft  point  ox  Aries,  as  fup- 
pofc  the  Sttn  at p  in.  27 deg.  jjaio-  ^jifC.,  o(  tba^iffkoiSc&rfio, 
which  is  iq  the  third  Quadrant  o£  the  EcHf^tic,,  and  as  far  di&ant 
JFrom  the  EqninAdiat  point  Lihrd^zs  in  the  filrff  Cafi  ihc  Sim  was  di- 
fiantfrom  cheEquino&iai  poiflc^^W ;  wfaotefore  inthi^C^p,  ilrthe 
Arch  of  the  Equator  ^  r  equal  to  TH^  cqjual  to  5  5  deg.  1 7  min.  03 
libc  i  be  added  to  1 80  dtgtcc^  the  Right  Afcentfioft  of  the  furft  point 
<sf  Li^ay  the  Sum.  ijt  deg^  17  mki.  0$  fee-  i,  will  te..ihe  Sea's 
Rjgte  Afctonoaninnbred  irom  the  fird  point  olAriefu 

4.  'If  the  Sun  be  in  the  fourth  aod  lall  Quadrant  of  the  Ecliptic, 
that  is  between  the  fiiA^wnt  of  C^iV#r»  and  the  firft  point  o( Aries, 
tbm  the.  Arch  of  the  Equator  found  by  C^culatioH^fnbftra&ed  horn 
^60  deg.  will  leave  the  Rig^tAfceoiion  nunfared  (nm  the  firft  point 
of  Aries ;  as  fuppoic  the  Sun  to  be  at  0^  in  2  deg.  i6.  «rin*  03  fe/o.  of 
Aquarius,  which  is  in  the  fourth  (^drant  of  ^e  Ecliptic^  and  z$ 
far  diftant  from  the  Equinodial  point  Aries>  as  he  was  in  the  firft 
Cfifi,  but  on  contrary  Sides,  wherefore  if  the  Arch  T  re^at  to  TR 
equal  to  55:  deg.  i7.niin.  03  ibc.  ibe  taken  from  3^  4fiP  tho  Right 
Aicenfion  <rf  the  \m  point  pf  Pifm  or  o4  the.  firft  point  of  AritSy  the 
Remainder  305  deg.  42  min.  56  fee  |,  will  be  the  Right  Aieenfion 
of  the  Sun  numbred  from  the  firft.  point  of  Aries. 

After  .die  fame  maraier  were  the .  following  Tabtes  of  the  Sun^s 
Right  Aibenfiott.  and  DfecUflation  made^  from  th6  SunV  Place 
delivered  ;iii  the  firft  TablCir  and  bbw»  the  SnoV  Pkcejt  fdf  AUjfbe 
Gal€ulai^4  fl^U  be  IbfWJi  in  its  dito  eiac^* 


L  i: 


€4>2.\^ 

•       » 

Given  the  Sun's'grcateft  Dedkiation  or  Obliquity  of  the  Sd^tic, 
and  his  pre^iit  pedinadoiH  to  fibd  hja*  Longitude:  and  \Rjgius  AS- 

^ppofe  the  Stn's  greatoeft  DtelhnRioR^^<bs  bdbce  So^bA)  ij^  degi 
Spjnin*  attdhtf  pecfeotltacUaatibti'rsrd^.  j^miiu  loiec  i  North 
a9d  ificrvafinjgi  and  let  k  be  required  do  find  his.  Lonsitadej  and 

R)ieh(iL$$(iifi0i)^fi^  the  M  i^moiArw^.  7%r 


'Tie  Sfereogr/^ic  Soluti9n  upon  the 
Plme  of  the  SOf^ai  Coiure. 

1.  ltaviQgidrtwi|.chcSolft4cialCe«' 
XvittPf^SA^  the  E^uitor -rfjg,  and 
at  Right-aikgles  to  ft  the  Equioo&ial 
Cdnfc  ^'f  Sy  fet  ^'  the  Chord  of 
23  dcjg.  2^  mlB.  the  greateft  Declina*     «;4- 
tion  from  A  to  «  or  from  Q^xo  ^,  * 
and  draw  the  Ecliptic  «  r  kp,  jmd 
at  Right-angles  tp  it  its  Axis^^  s. 

2.  About  the  point /^  as  a  Pole^ 
bccaufc  the  Dcdination  is  North,  ^  , 
defcribc  the  Parallel  w  3/i  at  tjie  diflaace  of  70  4^  2  0  win.  ^p  fec'j, 
€<)ual  to  the  Complement  of  the  Sun'^  poefent  Peclination  xp  dcg. 
jpmin,  10  fee.  |. 

3.  Thro*  the  Intcrfeftion  0  of  the  Pvajlclffi.®  »,  with  the  E- 
c)ipDC  i  O  V,dra\y  th?  Circle  of  Right  Afcenfioa  P  ©  ^^aod^the 
thing  is  jdone  \  and  the  Arch  of  t;he  wHpo^  T  ^  will  be  the  Sun^s . 
Lmgitude,  aad  T^his  Ri^t  Afccniion,  tplSnd  each  of  which  by' 
Calcuhtion,  in  the  Spherical  Triangle  T  ©  it  Right-angled  at  fi^ 
are  given,  <^  J^  the  Sun  s  prefeat  peqlination,  and  the  Anjgje  ®  Tii  his 
grciteft  Peclination,  whence  to^ind  nrif  thp  pjefcnt  Rjght  Afcenfioa 
r  H,  it  will  be  \>i<^afs  the  9th  o(  JBLigbhM^kd ^^^^ 

As  t,<®  r  il  :(i,  »^i  t  ii  1  &  it  T;  diatis,     i  ' 
As  the  T^ipt  ot  the  ^eateR  PecUhfttiptt  i3..ai>— '^5HJ37f  Sf  j " 

To  the  Tangent  of  the  prcl€|nt  Declination  i^.^a-iof^p.^ittzi^' 
So  is  the  Radius  ''>       '^    ' '  -"  '  ■  ■' -'^ ''     ■'     ■ 'r-*  10.0000006' 


To^the  Sine  of  tiie  Right  Afc^fion  5^.^7.03!; 


rp.pi48tfy4. 


North 


in'the  firft  Quadrant  of  the  .Ecliptic,  and  confeqi^ently  tb9  A^ch  laft 
fiKBid  J^deg.  17  min.  03  fee  i,  is  bis  Right  AfcenfiQn  from  Ariff 
X  To  find  the  Longitude  T  ©,  ic  Will  6e  by  the  lorA  Cafe  of 


liil  % 


As 


...  .    '  » 


251  AjtronomiCM  Trohlems* 

As  ^.  ®  r  « :  S.  «  A  : :  R  :  S,  l^.r  j.«faati$, . 
As  ch^Stne<f(^tii^uQ'sgreaceft.I^liiiaQ0A  }3.aL9r-r9!^0(^ 


■■•< 


lo f he  SiAC  6f the Son^  Lodfgkudc  5 7.^3 .57 ':','   'a ^:9%6i^j 

^hich  ArdkoHjd^.  33  mm.  57  fee  bccaufc  the  Sun  is  in  the: 
firft  (^a4rant  oEth^JBcliptic,  muftbc-  counted  frcim  the  firft  point' 
oiArkSy  and  confequently  the  Sua  is  in  b  27  deg,  33  min.  $7  lee 

If  che  Declination  had  been  North  and  decrea/ing,  then  the  Sun 
had  been  in  the  fecond  Quadrant  of  the  Ecliptic^  and  confequently 
the  Ardi  of  the  Eqiator  jj  deg.  17  min,  03  fee.  \  laftfo*jnd^  taken 
from  iSo  degrees,  tiie  Right  Alcenfioh  anfwering  to  the  firft  point  of 
Vhra,  will  leave  I24deg^  4a  min*  ^6  fee.  I,  thf  Right  Afcenfion 
from  the  firft  point  olF  Aries  j  and  the  Arcb  of  the  Ediptlc  $7  deg. 
J3  tnin.  S7<ec^  ttumbred  back  Irdni  the  firft  point  oiUira^  will  give 
the  Sun's  Place  ih  i#aa  cJcg.  i6  min.  03  f^c.  :  *  ^  ' 
'  If  the  DcclfnatioQ  had  been  S6uth  And  mcreafing,  thkt  is,  if  the 
Sun  h^  beenrin  die  third  Quadrant  of  the  Ecliptic,  then  the  Arch 
of  thtf  Equator  5  5  "deg;  17  min.  oj  fee.  J  added  to  1^0  dkgrees,  will 
give>3f 'd4g.^  17  mit^.  pj  f<^c.  ^yW  the  Right  kSottSioa h6m  Aries^ 
and  the  A^ib  cif  thclEtcliiJtic  57  deg:  ^3  min.  J7  fee.  ctoufated  for- 
wards froi^,^hs  firft  |>cwtrpf£i/^^,.\^^  ^^B-  3J  win.  57  dec 
in  th<;  Sign  tA  Scorpio y  for  the  Suo^  Place. 

If  xht  Declination  hid  i>cctt'  South  decreifiHgi'  that  isj^  if  Ac 
Son  likd:  $ecn  in^  the  ibordi  or  laft  C^drant  of  the^cjGpj^iJB^  -then  the 
Arch  of.thc  .Eqflatp^  pi  fee,  k  lai/n  from;^^^   deg/ 

win  leave  SP^ldeg.  42  min.  5  6  fee  I,  for  the  Sun  s  Right ^Alcennon 
ftpm/^rie/^and  the  Arch  q£  the  ^iptic  57  deg  3[  jmi%  Sjfec^uqc- 
koned  backward  from  the  laft  point  of  Pifces^  will  give  2  deg.  x6 
nin.  03  feu  in  the  Sign  fXAtp$^im^  for  the  SubV  Plftc^    . 


1J%i$  Pr^km  is  of  Vfiinfiidinz  the  Skin i  truePUc^iBjihe  EiDftic^ 
smd  tbmo  fie  Error  qftbe  Solar  Tahks^ .  if  any  there  he  iJitKefrem  the 
jSuns  Meridional  Altitude  ohained  iy  a  fofd  J^jftfiraaf^  ibe  fstii^  of, 
the  Place  of  Otfervation  heingjlrjt  bmon^  the  Declinatim  tftbe  Sun  at 
thai  time  is  ea/tlybaek  as fiatk  fievift  ^e^er. 

Biob. 


I    • 


'f 


'jftroHbn^cai  froMiftnr, 
Prob.  I. 


M3 


/  t 


*  ,  ,  f  '  r   I 


Given  theneateft  Dedinarioo  opOUiqtrity  of  the  Ecllpctc,  and 
tbc  tiigWMxMdn^  to  find  the  prefcnt  Beclinaticni  Longitude^ 
|UQd  Aj^\c  formed  by  the  EcUpticaad  M^ridian^  Of  Gurde  of  R%ht 
A&amn  paffibg  chro^'the  Sun,  &c.       ' 


»«     ( 


y  •/ 


Examfle 


4  • 


'the  gtcateft  Declination  or  Qbliquit)r  of  thd-Ecliptk,'  bcing-2j 
dcg.  39  min.  and  the  Right  AfcenJSon  j[  ^  de^.  i7mimoi  fik:.'i;  t 
demand'  the  declination,*  Lbngitade^  and  Ak^  fbcmfd^  by  chr  £r 
cfipticaAfd  Meridian- 

x:  H&Vtng  drawn  the  Solfiirial  Co- 
Ibfe  P  SL^A^  the  Equator  AQ^  and 
ar  Ridibangles  to  i(  the  Equinodial 
C&MtJi,  fcrotfthc  greaifeft 
QUiqmcyoftneEcliptiC)  fionL^tQ 
^  on&om  Q^  to  ^^  and  drav  the. 
£cfii^  ^  V;  and  at  Right  Angles. 
toit  Its  Axis/ /. 

a.  Bfccaufe  the  Right  Afcen(ioh  is 
lefs  t^an  f^  (>iadrant^.  fet  otf'tbe  Se* 
mi*tiingent  0?  5  5  degj  17  min.  03  I, 
in  the  Equator  frpiq  T  to,  i(^  and  draw  theMeridiaa  or  CSr<^  bi 
Rigfit  Aicenfibn  P®RS  and  the  thing  is  dope ;  aAd  thf  Lpt^iide. 
t"  ©  May  be  meafured  by  Cafe  the  id  q(  JPrat.  the  7/*,  of  &i2.  the 
jil/tiieDeclihacton  ®it  by  (laftHit  jiof  the(ame  ProhUmr  ud. 


the  Angle  of  the  EcKptic  and  Meridian  T  0  i^  ^y  CV^tfar.  }V  of 
JVtf^/r/iithe  ib^ib  of  the  fame  &^i0ir ;  bat  to  detepniiieidl^irittft 


Qqantiti^s  by  Calculation,  in  the  Siherical  TrianglcX®i^  Riebnr 
angled  at  k  are  given^  the  Angle  ®  r  /^  the  greateft  .O^liqaity  of  the 
Eidipuc,  the  Side  r  H  the  Right  Afcenlioo^  whence  to  find 

X.'  TheDe^nation  ^  R,  it  willbe  by  tbe.aiJ^/H^i^of  the  8^i(: 
qi^€i£  tiiih  Aisled  ^fbnUdt^  At 


kiR  ■:  S.  TR :  j  t,  ®  V  R  :'t,  <&  /I  j  that  is," 
■  As  the  Radius  '    ■,   ■■    •■     .. '    ;■■•  ■    i      io.eooooo<> 

To  the  Sine  of  the  Sun's  Ri^ht  A,rceniion  55.17.03^ 9*^9148551 

So  is  the  Tang^t  of  the  g^eaceft  Obliquity  23.29— «*— 9^6379543 

Tpithe  Tvigqit pf  rf^e  prefcijt  pe^lipatjpp  ^^^^^.iQl^i^^^%ti^ 

Wliich  Is  Norths  becaufe the  Ri^ht  A/cenfion  is  lefs  than  t^c  de- 
grees, i 

But  if  the  Right  Afcenfion  bad  been  more  than  180  d^ees^  tbe 
Declination  had  been  South.      - 

.2*  To  find  the  correJpondeot  ]Lopgit^4|^  it  will  be  is^  tbe  2^  Ex* 

Asthe  Kaduis         ■ '  ■  gaooooooo 

To  the  Conine  of  the  greatcft  Dcclin^tjon  25.^9-77^^^*9^414527 
So  is  the  Go-wig-  of  the  Right  f  fceofion  lyiiy^oji  —-^j^^l^ofj^^ 

To  ^ep>-taqg.^of  the  corrcfponding  Long;  57.3  j'.S79.8o3o8tftf 

Now  bccaufe  the  Pligjit  Afcenfion  \s  lefethan  a  Quafirant  or  oo 
Degrees,  the  point  in  the  Ecliptic  cotrefpoiidingto  the'giyen  Degt^ 
of  Right  Afcenfion  is  B  27<ieg^  33  min.  57  fee. 

And  accordingly  the  competent  Longitude  found,  reckoned  back- 
ward or  forward  from  either  Equinodial  point,  as  the  poinc  <rf 
Right  Afcenfion  happens  to  be  in  either  of  ^he  four  (iudrants  of- 
the  Equator,will  gire  the  correfpgndcnt  point  in  the  E^ri^anjCwcr- 

'  'rijus  if  the -Right  Afcenfion  had  becnia4  deg.4i  min.  k6  fee  I. 
then  the  corrc^dent.pojnt  i^  the  Ecliptic  had  been  il  02  dec.  ai 

Sin .  03  fee.  if  the  Right  Afcenfion  had  bceq  2  3  y  deg.  1 7  min.  afec^. 

^^^I^I'J^i^^-^-'^f^^'  4»  min.  S^yfec.  i,  :then  the 
correfrorident  W  h^l?e«i  «  j  de^.  1.6  mm.  3  fee  each  ofwWph 
jfbjnts  beii^  cqa^y  diftant  frow^hc  next  gquinoftial  point. 

3.  To  findaieAngte  V*®/J,  formed  by  riw  Ecliptic  and  the  pro- 

As 


•As  the  Radius  .         10.0000000 


»«»*»to»<i  »  t 


^*M*<9«lk. 


To  the  Co-fine  of  the  Angle  of  the  Ecliptic  and  Me-/i         <  <oo7i 


w«i 


7%<f  ProUem  is  afVfe  infinkng  Ml  ^Ir  Nckagi^mil  Kkpte  or  kigh^ 
pmnt  rfthi  Ecliptic y  its  Jiittudiohife  tt^ H(ms^m at Mf  p'vm  tifm^ 
wbettce  tb$  trui  jUtitude  ofthe^utiy  Moon^  or  Plamt^  nmj  htinvtjiigar 
tedy  and  thence  their  ParaBaxer  in  Altitude^  Right  Afce^en^  Declina^ 
tfonj  Longitnde  and  Latitude,  may  be  determined,  vshich  is  necej/ary  to 
t^  knam,  ig  $h\f  Calmiathm  if  Solar  ScUffes^  mi  the  Mom't^tonfitx 
M«r  tbo  fixU'StmrSj  of  iteat  Vff  in  fronotHioing  the  di^erfm^  ^ 
Ijfngitude  hiwem  thefePi$et$  .whomo  they  tarn  he  ^l^ilrved,  msfiaJU^  maik- 
^fear  in  the  latter  fart  of  this  Treatifei 

There  may  be  as  many  Variations  of  this  Problem  as  there  are 
Cafes  in  JRight-itngled^ Spherical  Triangles^  bqt  as  well  in  this  as  in  the 
ii^it&^ritiQ  FrMfffHy  I  fliitll  give  an  adual  Solmiotf  to  fiitih  only  as  I 
flMt)  judge  \ti&ctimmitdA^ttiyn6g&6,  andl  leafvtthb  mfttblbi^cUbfihe 
Young  &£iQner« 

Ptok  I: 

Cafe  ^. 

Givtti  die  Sun's  Right  Afcenficm  5  ;  d^.  1 7  min.  03  Tecvl,  and 
the  prdfent  Declination  ip  deg.  jp  min-  10  fee. !»  to  find  the  great- 
eft  Declllation,  Longitude^  and  the  Angle  formed  by  the. Ecliptic 
aiMkbe  jitpai  MtrtdJaui 

^  J  • 

jfnftoerl 

The  Sun's  Longitude  is  sydeg.  33  minJ  57  fee.  his  greateft  De*^ 
«Koiition  1 3  d^.  29  mki.  and  Aqgle  formed  by  (hcEcliptk  and  pro- 

per  Mcddiaii.  76dcg.iz  miD#  f$(w.  i  Cafi 


M^  '^^'j^'^f!  f  r#f^. 


,' .» 


GivM  the  Sun  •  Loogiciide  $7  dcg;  33  miQ«  $7  Tec.  and  his  ^re^ 
Ant  Beclinatioa  I94^i9i0^^i^<^^*^h^ 
clinadMf.  Right  A£xn^  <ai;d<)K;:tAi]ffe:iK»ifd  hy  >UA  Sctitltic 
and  proper  Meridian; 

Thegteateft  Dtelination  is  13  deg.  29  min.  the  Right  Afcenfioa 
.theproper  Meridian  7^  deg.  52  miQ*  ^9  fee.  !• 

c »  * 


k  ^    . 


'jGh^(heSafi^sL<»gitodef7de^*  3:3  min.  f7Jttdlii$RMit  At* 
cenfiM  5  f  deg;  1 7  mini  03  fee.  ?,  to  mid  hisgrcateft  attd  fveMit  Se* 
ctinationi  and  Angle  fonned  by  the  Ecliptic  and  the  pcopcr  ftip- 
ridian*  ■■'  ^  ■  '  ^    ••'      •'."- 

i  The  greatAft  JDeeliiiat^QQ  t|  aj  d^«  19  ^un.  the  pretot  OedJM^ 
and  the  proper  Meridian  is  76  deg.  52  min.  59  fec«i|«,    .^  i  t^ .,/.  < 

Given  the  greateft  Declination  23  d^*  29  min.  and  the  An^fop- 
med  by  the  Ecliptic  and  the  ptoper  Meridhini  to  find  die  Lof^^itndet 
Right.  Afcenfion^  and  prefent  Declination.  ,     .     , 

•;i.  .«\   .11,  i...»tn;   /    >ilo|     »i'''l^l«J^,''^ '•'    ''  '   'i.'J»h'-0  jnoTjiq  3«w 

^^^  ;.;i  «   mIj  ^('\  lofitiot  :)!;.'» A  '?^/  mi;*  , j!i.in;ifto. I  .runi^fftozQ  t\: 

The  Longitude  is  57  deg.  33  min.  57^«tf^^pMeftt<Ol»llMMF 
U  19  d(^-  39  min.  xo  fee  i»  and  die  Right  ATcenfion  55  deg.  17 
in.  03  fee  i.  •  ^^  -  v,uv 


Cafe  8. 

Gvren  the  Son's  Longitude  57  dcg.  jj  min.  57  fee.  and  tbc  Angja 
•formed  by  Ae  Ecliptic  and  the  Meridian  j6  dcg.  5  a  min.  5  j>  fccr*, 
to  find  the  Son's  Right  Afcenfion,  gr?atcft  and  prcfent  Dsdination*. 

The  Sun's  Right  Afcenfion  is  5  j  deg.  17  m\n.  03  fcc.J,  hisgteat- 
cft  Declination  13  deg.  tp  min.  and  his  prefenc  Declination  ip  dcg^ 
3P  mm.  ipfeci- 

Cafi  p.    DouUfult. 

.  Given  the  Sun's  Right  Afcenfion  5  j  dcg.  1 7  min.  03  fee.  Ji  and 
the  Angle  formed  by  the  Ecliptic  and  the  Meridian  76  deg.  5  3.  min. 
59  itc.ii%  reqviiredhis  Longitude^  gccateftand  prefent  Declination* 

Anfwer. 

His  Longitude  is  ;  7  deg.  33  min.  57fec.iiisgreatcft  Dcclinatioft 
%l  d^.  %9  min«  and  bis  prcfent  Declination  19  deg,  39  min.  10  feci. 

Cafe  lO, 

Given  the  Sun^s  prefent  Dedi^^ation  ipdeg,  39  min;  loieclt 
and  the  Angle  formed  by  the  Ecliptic. and  the  Meridian  ^6  deg.  s^ 
min.  5pfec.  i,  tp  find  bis  greateff  Declination,  Longitude,  anM 
R^tAicenfion. 

Anjwer: 

The  greateft  Declination  is  23  dq^.  29  min.  the  Longitude  is  $7. 
deg.  33  njin.  57  fee  and  the  Right  Afcenfion  yj  deg.  17  min.  oj  fec4# 

• 

The  Obliquity  of  the  Ecliptic,  or  the  Inclination  of  the  Axis  of 
tlie  Earth  tathe  Plane  of  the  Ecliptic,  is  the  Principal  Ppflulatum 
upea  which  all  the  Calculations  andCopchifions  relating  to  the  Sun^ 
Moon,  Planets  and  Fixed  Surs  intirely  depend,  and  a  Knovt^Iedge . 
of  the  jaft  Qoantityit  contains  is  of  thdt  Importance  in  all  Afirom-' 
mical  Mbuterf,  that  the  chief  j^omtner$  in  all  times  ha?e  made  ic 
one  of  their  firft  Endeavours,  to  determine  it  as  exadly  as  poffiblc ; 
Ptolomjft  who  lived  140  Tears  aftttCbriff,  fixed  it  at  23  deg.  $  i  min; 
20  fee.  the  (an»e  as  Arifiarchus^  Eratofihems^  and ,  Hip^ar^fius  had 
done;  each  of  which  lived  before  CbriiL  and  the  firft  of  them  280 
-  Rkkk  Tear^ 


i6o 


Jjkonmicd  ^oUtms. 

%.  About tHe  Point  %  as  a  Pofe» 
dcfcribc  the  Great  Circle  r^90^ 
by  fetting  off  the  Tangent  of  38  deg* 
«8  min.  from  P  towards  Z  fbiS  tha 
Ccncer,  this  will  reprefent  the  Ho- 
rizon. 

3 .  About  the  point  P  defcribe  the 
I^arallel  of  Declination^  oc  parallel 
Df  the  Sun's  diurnal  Courfe  0  m  ®, 
ac  the  dfftance  of  the  Somi-tangen^ 
of  70  deg.  29  min.  49  fee  i,  the 
Complement  of  the  Declination  in 
this  Cafiy  becaiife  the  Sun  is  to  the 

Northward  of  the, Equator. 

4.  Thro'  the  IntericAibn  ®  ol  this  Parallel^  with  the  Horizon  be* 
fore  drawn,  draw  the  Hour  Circle  P  S  H  and  the  thing  h  done  ;  then 
will  T'K  be  the  Sun's  Afcenfional  Difference,  and  T  ®  the  Ampli- 
tude, each  of  which  may  be  meafured  by  the  ift  and  jrf  Cafef  of 
ProhUm  the  7^*,  of SeSlion  the  2d. 

id,  7%e  Sureograf hie  Solution  of  the  fame  Cafe  upon  the  Plane  of  the  Ho- 
rizon. 
fTL  I.  Having  drawn  the  Horizon 

raQp,  the  Prime  Vertical  r  Z^, 
R  ^^d  at  Right-angles  to  it  the  Me- 
""  ridian  HP  A  Z  {i),fet  off  the  Semi- 
tangent  of  3 8  dog*  i%  min.  theCom- 
ptement  of  the  Latitude  from  2  to 
P,  and  ditfw  the  Siit  a  Clock  Hour 
Circle  ^  P  jg,  by  fetting  off'  the 
Tangent  of  yi  deg;  72  min.  the 
Latitude  of  the  Place  from  2  to  C 
for  the  Center, 

s-  About  the  Pole|>ointP,  draw  the  E<(iiator  TAQ^  (bfCafe 
^jdy  oiProhlenif  the  idi,  of  &£?/«»  the-  %d)  and  the  Parallel  of  the 
Sw|duirDalGourfe»®fl:,  authc'diftance  of7adegr.  aj^raim  40 
^5?-  %  ^!l?  Complemcnt-otthc  Sun'i  Declination  'becaufethe'Soni* 
^*V- W«^^    SIJc  of  ik  Equator^  (by  C4^  the  id^aiPnlXtm  the 

.      ".  .c  3.  Thro" 


J.  Thro*  chc  Point  of  Intcrfeaion  ©  of  this  EttralW  with  the  Ho- 
rizon, dr«w  the  Hour  Circle  P  ©A,  hyPriUemxht,  ifL  of  SeSlU^n 
the  li ;  then  may  '^K  the  Sun's  Amplitude,  and  T  ®  the  Afccnfional 
Diifcrcnce„  be  aeafurcd  hjr>  th)B^  sJl^^nd'id'CMfis  of  PriUim  the  7//^, 

4^A,  !rte  StiYti^raphic  Solution  of  the  fame  Cafe  uf on  the  Plane  of  the  £- 

cliftic.  , 

I  .-Having -drawn  the  ..Ecliptic  . 

r  » tj^v,  the  Meridian  ^f^A  Vf , 
and  at  Right»angles--to-it  Tr^;^:^ 
fet  off  the  Semi-tangent  of  23  deg. 
^  min.  fbe  difiahce  bet\^een;  the 
Bole  of  the  Wiorldand.the  EcHpcic 
frotti.^  CO  f r  then:  will  p:  ttpreleot. 
thevKoithem  Pole; 

1.  'Abont  the  Pole  f,  draw  the^ 
Equator  r  ASl.  (by  C/i/e  the  ^„ 
of  fVo*/rw  the  2^,  o(  Se£imth^2d). 
and  the  Parallel  w  ®  j  of  the  Sun's 
I>iumal  Cooffe,  at  the  diftance  qf 

70'd^.  29  min>  40.  feci,  the  CoinHJcment  of  rfje5iin!&.I)eclinatioo, 
becaule.the  Sun  is  to  the  Northward  of  the  Equator,  bjXis^  the 
5-i.ot  PrMeM  cbt  4^A^  pfc  Aafi^wi  the  ^d.    ,  |  -    ^ 

f.  Set  of' thci  Semi-tangent  of  i4<lcg-/59  ^h*,.  the  diuancA.  be- 
tween tfaftPole  of  the  Ecliptic  andt^e  ishith,  fronk^^  to  Z;  and  a- 
bent  the  point  Z  asia  Pole,  defcribe  th6  Great  CircfeT  ©  /TS)  ^ 
by  C^/r the  ji  oiPffHem  the;  ai,  of  &flA»  the  2^^  thi^  wiU  r*pre- 

fiwit the  Horizon.  ^   .    ^     ..\  .   r       . 

4.  Thro'  the  Ir)terrcaion  ®  of  the  Payalkl  befotc  drawn,  and 
tiie  Hjnncn*  dr»w  the  Henr.^Piftfle  P  ®  A  and  the  thing  is  done  ; 
and  r  Jlthe.Sutfs  Amplitude^:a«i  T®  his  Afcenfional  Difference, 
ma/ be.iiinf«UBed:bf  the  iftmiid  CufisoiPrcUtmxh^  vhoiSeSkm 

die  tJL 

Bat  KwlettxTOW  theki  juft  Quantity  by  Cakulatton, 

I».tte5pHkriCal  TriiWigJfl  ir  •  A  Rigbt-aogled  at  i{,  (Sef*ach  tf, 
rf»ib»U:«ylhrfli<*»r)/a«c  gi«W,  ©.iR^thc'Su^^  DedinaiioiJ, 

afnt-  cbe. ArKie  .<a>  y"  Aieqoal  f o  the  Aicb.  £,0)  ^  rComyl^nent.  o£ 
die  LfitiiB^AftfabfkiCef  whence.  to 


i($4  liijlfiimmicat  :^rMiii^l 

Sun  touches  tWHon»Ki*at  aquadrtntaliiiftafide'ftbm  t&e  Eaft  or 
Wed  points  of  the  Homoo,  chat  is  in  the  North  point  of  the  Hgh 
rizon  if  theXaritude  of  the  Place  and  Declination  of  the  Sun  are  borh 
Morth,  but  in  the  Sonthetti  point  of  the  Horiaon  if  the  Latitude 
and  Declination  are  both  South,  after  which  it  ^becomes  iofiaioe^ 
and  the  Sun  never  reaches  the  Horizon. 

2.  To  find  the  Afcenfional  Difference  T  R,  itnvill  be  b^  thtJ^ii 
Cafe  of  Right-angled  Spherkal  Triangles^ 

As  the  t,<:©  rji'.R:  z  t,<S)  R.S.TR;  thatis. 

As  the  Co* tangent  of  the  Latitude  y  1.3  a  ■    ■■  ■ j^oooS^^ 

To  the  Radius     ■                ■  ■                        ■             10  ooooqoo 
«  So  i^  the  Tangent  of  the  Declination  xp.39.10 1 -s>-f5%^mi7 

To  die  Sine  of  the  AfccnfionalDiffecencc  i6  41 43 ^'^5^^9S^ 


^^■^*«« 


Or  Difierencebetwcen  the  Right  Afcenfion  and  the  Oblique  AF- 
cenfiony  or  Defcenfion. 

This  in  the  prefent  Ca/t  where  the  Latkude  and  DeclinatioD  arc 
both  tbo  fame  v^y,  that  is  both  North,  fubikaacd  from  the  Right 
Afcenfion  5?  dcg.  %i  n1in.03.fec.  i,  determined  in  the  firft  PftUm^ 
will  leave  ^%  deg.  34  mtn.  so  fee.  i,  for  the  Oblique  Afcenfion  for 
the  point  of  the  Equator  T^  iSeethefofi  Ftgure)  that  Rifesiwith  die 
Sun  is  in  Antecedence  of  the  point  A  that  pafles  the  Meridian  vith 

it.       •  , 

And  the  Sun's  Aiconfiooal  DiflS:renqe  if6:4€g.  4a  min.  43  fee.  ad- 
ded to  the  Right  Afcenfion  jj  deg.  17 min.  o^  fee.  i,.wi]Lgire  81 
d^.  59  min.  ^6  lee.  f ,  for  the  Oblique  Defcenfion  for  the  point  T, 
that  defends  with  the  Sun  in  the  iame  Figure j  is  inxooftqucMC  of 
the  point  T^  that  patfes  the  Meridian  with  him« 

Again^  in  FipHpe  the  ^tK  where  the  Declinadon  is  Soutbcriy;  tbat 
IS  where  the  Latitude  and  Declination  are.  contrary,  .the  ^aoK  Afoen-^ 
fional  DifIerenc/^5  d^.  4a  min^^j  fee.  added  to  the  conrefpoddcDt 
Right  Afcenfion  135  deg.  17  min.  03  iec.  i,  will  ^tc  a^i  deg.  59 
min.  46(ecf  for  the  Oblique  A(cenfion,  but  fubltFadbed  feom  1^ 
Right  Afcenfion  >35  deg.  17  niin.  03  fee* ^i,  willleaTC  ao8'deg»<34 
min.  %oftc.  |  for^  the  Obliqae^DHceafion  or  point  of  tbciBquacbr 
that  Sets  wit^  him 3  whence  the  Right  Afcenfion  of  Ae  tn^t-Hmutmy 
or  point  o^  the^ Eqnatoc-  dien  Culnwuitiag  is-cafily  hadt  fMJmcixi  die 

former 


Aft} Momicai  ^rohlems.  26^ 

fiormer  Cafi^  the  point  of  the  Equator  that  afceods  with  the  Sun, 
was  in  Antecedence  of  the  Point  of  the  Equator  that  Culminated 
with  hinit  and  therefore  the  Difference  muft  be  iubftradted  ^  fo  here 
the  point  of  the  Equator  thatafcends  v^ith  him  being  in  confequence^ 
the  Difference  mufl  be  added  to  obuin  the  afcending  point ;  on  the 
contrary,  as  the  point  that  defcended  with  the  Sun  in  the  former  Cafe 
was  in  confequence  of  the  point  that  pailed  the  Meridian  with  him^ 
and  therefore  the  Difference  muft  be  added ;  fo  here  the  point  that 
defcended  with  him  being  in  Antecedence  of  the  point  thatCulmi^ 
qated  with  him,  the  Difierence  muft  be  fubftra&ed,  to  obtain  ther 
dillance  of  the  dcfcending  point  from  the  jfi  point  oiArits  i  and  this 
Ijrm  muft  be  obferved  in  all  the  variety  otC^es  that  may  be. 

This  Afcenfional  Difl'ercnce  r  Rand  r  R  (See  the  ifi  ani  ^th  Fi- 
gures) is  ever  equal  to  the  Exc^fs  or  Defeft  of  the  Semi-Solar  Day 
iabove  or  under  fix  Hours  ;  and  confequenriy  being  added  to  or  fub** 
fira&ed  from  fix  Hours,  according  as  the  Cafe  requires,  will  give 
the  Semi-kngth  of  the  Day  and  Night,  and  thence  the  true  rime  of 
the  Riling  or  Setting  of  the  Sun,  at  ariy  Time  or  in  any  Place,  thus 
in  Fig.  the  ift^  where  the  Latitude  of  the  Place  and  Declination  are 
both  Nonh,  die  Afcenfional  Difference  T  R  added  to  the  quadran- 
ts Arch  of  the  Equator  Tj4^  gives  the  Arch  of  the  Equator  AR^ 
correfponding  to  the  Suii*s  Semi-diurnal  Arch  m  ^;  or  the  fame 
Arch  of  Afcenfional  Difference  TR  taken  from  the  quadrantal  Arch 
T  Qj  ,l^ve9  the  Equatoral  \rch  R  jQ^correfpondit^  to  the  Semi^' 
nodumal  Arch  9  « ;  wherefore  in  the.pj:<^fent  Cafe  if  to  6  h*  00  m. 
oafec  be  added  the  Afcenfional  Difference  atfdeg*  42min-  43  fee. 
which  being  induced  into  Time,  by  allowing  15  Degrees  to  an 
Hour,  &c^  makes  i  h.  45  m.  $  i  dc.  the  Sum  7  h.  46  m.  5  x  fee.  will 
be  the  Semi-length  of  the  Day  or  the  time  of  the  Sun^s  Setting,  and 
the  (ame  Afcenfional  Differ^eqce  i  h.  46  m.  51  fecfubftrafied  frqm 
tf  b,  00  m.  00  fee*  will  leave  4  h.  1 3  mv  j^  fee.  for  the  Semi-length  of 
theKightor  timepftheS-Mn'sRifing.    _  u  ; 

On  the  contrary,  in  Fig.  the  5/i&,  where,  the  Declination  o^ 
the  San  and  Latitude  of  the  Place  are  contrary,  that  is  one  >  brth 
and  the  other  Souih^  the  Arch  of  Afcenfional  DiSktcnqt  T  R^  raken 
iroortbe  quadrantal.  Arch  T^,  leaves  RA  for  the  £<)uatoral  Arch 
ai^wering  to  the  Semi-Solar  A rch  Q^m^  but  added  to  Y  Q^givcs  RO 
aniwarjng  co^te^Semi^no^Ocnal  Arch  0«:  w^ere/brein  this  Cafe^S 
the  Alecnfioiial  Difference  equal  to  i  h.  4^  m.  51  f.  be  taken  from 

Llll  o5h. 


^^^  jftfomMicai  frohlems, 

«h  oom.  oof.  the  Remainder  aH-  ijfti.  opf.  givw  half  tlwi 
fcneth  of  the  D^y  or  time  of  thi  Suii  s  Setting,  and  tlie  ifamc  Arch 
of  I  h.  4<^  m.  5 1  f.  added  to  6  h.  do  M.  oo  f.  |iv«S  7  h  46  not.  ji  £ 
£>c  the  Semi-length  of  the  Night  or  time  of  the  Sun  s  Rififtg; 

Or, 
JSccaufc  the  Sun  is  d  h.  06  m.  06  f.  iii  travelling  ttOta  y  to  *  or 
from  *  to  «,  an  J  that  in  whatfocver  place  of  the  Eclipftic  he  is,  i« 
always  tix  Hours  diftartt  from  the  McridiaA  when  he  arriws  at  the 
Circle  P  V  5,  and  for  which  Rcafdn  it  i*  called  the  Six  a  Clock 
Hour  Circle,  it  is  evident  that  the  Afcenlional  Difference  added  to 
or  fubftraScd  from  6  h.  00  m.  00  f.  gives  the  time  of  the  Sun's  Rifing 
or  Setting :  Thus  in  fig.  the  ifi,  where  the  Latlmd6  and  De<fi- 
natton  are  Both  l^ortb,  becaufe  the  -Sun  Rifcs  vrheti  Ke  arrives  at  ®, 
that  is  before  he  arrives  at  the  She  a  Clod  Hoiif  Circle  P  %  1( 

h.     ta.     (. 

>tom  90  degriect  '-^^  6    ea    00 

U  t^en  the  AfccrifiowQ  Difference ^  t    46    ^^ 

•     Thcjt>i#1irrcwaitt  the  tilde  of  the  Sub's  Rifing-*-»4    13    op 

An^  inafiotich  Is  the  San  iff  bis  remm  hitk  front  the  Meridia*, 
arrives  at  the  Six  a  Crock  Hfowr  Circle  prs,  before  he  gets  to  die 
Sorizoii  ih  the  fOint  ^,  it  is  cVideilt  that 


I 

k 
I 

I 

■ 


jfe  ^ddfcd  the  Affecnflonal  DMetcrtce  m ■ ,  n  v.  1  ■  i  ■* ^. ■  <    4^    ^i 


■  ««■  —  «  * 


Ihi^Sutti^rm  give  the  time  Of  thelSutfsSehing'^7    46    )f 


Oh  tfa«  contrary,  iti  Ffg.  the  jth  #hefe  the  LatMMkf  M4  Ptdii 
ilition  ate  cotoary,  that  is,  mt  North  and  the  othct  SfibA,  be» 
caufe  the  Sun  anives ftt the Si^ ft CtoekHonr Gkele  PTS  bttmt 
he  afcends  die  Horijcon. 

lft6    "•■  '  ••**■-'  7  I '•'*"'  1"    '^1  I'll    I '^    '   11  if '"i'6    00    00 

B>;a4fe<Pt1ifeArtoifiDi8alDiiferc«ce     1  r  n    ■  1  t,  t   4^    i- 


JftrMomical  Trghletifs.  i^^ 

And  bccaufc  the  Sun  in  his  return  back,  arrives  at  the  Horizon  9 
before  he  arrives  at  the  Six  a  Qock  Hour  Circle  />©5,  it  is  manifcft, 
^l^at,  h.    m.     C 

If  trpm : ^  ~tf    oo    oo 

Be  taken  the  Afcenfional  Difierence i    ^g    ^  f 


There  will  remain  die  time  of  bis  Settings 


•4    »J    09 


Whgice  itfoUosvs  univcrfally,  ,tl^at  if  the  I.atitude  of  the  Place 
and  declination  of  the  Sun  arc  both  North  or  both  South,  the  A^ 
cenfional  Cdgerence  fubftraded  from  6  h.  op  pi.  op  f.  will  give  the 
time  of  the  Sun's  Rifing,  and  added  to  ($  h.  00  m.  00 1.  will  give  the 
time  of  his  Setting. 

On  the  contrary,  if  the  Latitude  of  the  Place  and  Declination  of 
the  Sun  are  of  9  different  Denomination,  that  is,  if  one  be  North 
and  the  other  South,  then  the  Alceniional  Diffetcnce  added  to 
Six  Hours,  will  give  the  time  of  the  Sunn's  Rifing,  and  fiibftrafted 
from  6  h.  00  m.  00  f.  will  give  the  time  of  the  Setting. 

And  becaufe  the  Hour  of  the^  Sun's  Setting  fhews  the  Quaii- 
tity  of  t^ipe  elapfed  between  Noon  and  the  End  of  the  Day , 
and  which  is  thecefore  eqyal  to  half  the  length  of  the  Day,  if  the 
Hour  of  Sun  Setting  be  doubled,  it  gives  the  length  of  the  Day  oc 
Number  of  Hours  the  Sun  is  vlfible  abpve  the  Hoizon. 

Thus  in  Cafi  the  ifiy  where  the  Hour  of  the  ^ri's  Setting  was 
7  h.  4^6  m.  5 1  f.  if  this  Sum  be  doubled  pr  multiplyed  by  2,  the  Pto- 
dua"i.5  h.  33  m,  4»  (.  will  give  the  len^h  of  the  Day.' 

Apd  again  in  the  2d  Figfire^  where  the  time  of  the  ^nn's  Setting 
was^h.  13  m.  opf.  this  doubled  will  ^ve  8h.  26  rd*  18  £  for 
the  lengt|i  of  the  Night. 

^d  again,  becaufe  the  Hour  of  Sun  Rifing  ihews  the  Ooantiqr 
of  tine.elapr^l,  between  Midnight  and  the  time  of  the  faid  oun  Ri* 
^^ing,  and  is  therefore  equal  10  half  the  length  of  the  Night,  if  the 
time  o^the  Sun  Ridng  be  doubled  it  will  eiye  the  length ottheNight« 

Thus  in  the  ifi  Cafe  if  the  time  of  the  Sun  Rifing  4  h.  13  m.  09  il 
1^  dcmbled,  «the  Sum  8  h.  1 3  pa.  1 8  f.  will  give  the  length  of  the 
Night,  and  in  the  f  ^  Example  the  time  of  S^n  Riling  yh.  46m.  5  sf. 
b^g  added  to  it  ielf,  producjts  15  h.  j3m«  42  f.  for  the  length  of 
the  Night,  and  the  fame  Lav)  moft  be  obferved.  ^i  all  C^fes. 

And  igAfmnch  as  in  ihe  fame  pljice.  the  S;ne  0^  the  A£- 

LI  11  9  cenfional 
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ccnfional  Difference  is  ta  the  Tangent  of  the  Decimation  in  a  con-i 
ftant  Ratio,  that  is,  as  the  Go-tangent  of.  the  Latitude  is  to  the 
Radius,  it  follows  that  the  greater  is  the  Declination  die  greater 

'  is  the  Afcenfional  Difference,  and  the  greater  is  the  Inequality 
between  the  length  of  the  Days  and  Nights;  and  on  the  contrary^ 
the  leffer  is  the  Declination,  the  leffer  is  the  Afcenfional  Difference, 
and  the  leffer  is  the  Inequality  between  the  length  of  the  Days  and 
Nights,  and  confequentty  when  the  Declination  ceafes  the  Afcen- 
fional Difference  vanilhes,  and  the  fame  point  of  the  Equator  that 
Rifes  with  the  Sun,  Culminates  and  Defcends  with  him,  whence  the 
Oblique  Afccnfion,  Right  Afcenfion  and  Oblique  Dcfcenfion  arc 
the  fame,  the  Sun  Rifes  at  fix  in  the  Morning  and  Sets  at  fix  in  the 
Evening,  and  the  length  of  the  Day  is  equal  to  the  length  of  the 
.Night,  to  all  the  Inhabitants  upon  the  Earth; 

Again,  the  Declination  remaining  the  fame,  the  only  variable  parts 
ef  the  Triangle  being  the  Latiaide  of  the  Place,  and  thcCo- tangents  of 
the  rcfpeftive  diftanccs  of  the  Places  from  the  Equator,  being  reci- 
procally proportional  to  the  Sines  of  the  refpedive  Afcenfional  Diffe- 
rences, and  always  in  a  conftant  Ratio,  it  follows,- that  the  nearer 
the  Places  are  to  the  Equator  the  Icfs  is  the  Afcenfional  Difference, 
or  Inequality  between  the  length  of  the  Day  and  Night,  and  confc- 
quently  under  the  Equator  the  Afcenfional  Difference  ceafes,  and 
t^  Sun  conftantly  Rifes  at  fix  and  Sets  at  fiHf  and.  the  length  of  the 
Day  is  equal  to  the  length  of  the  Night  throughout  the  whole  Teat 
And  on  the  ccmrrary,  the  greater^the  Latitude,  or  the  nearer  tte 
Places  arc  fcituated  to  the  Pole,  the  greater  is  the  Afcenfional  Difie- 
rence,.  and  the  greater  the  Inequality  between  the  length  of  the 
Day^  and  Nights,  till  when,  the  Latitude  of  the  place  becomes  e- 
qual  to  the  Complement  of  the  Sun's  Declination,  and  the  fame  way 

^  the  Afcenfional  Difference  is  the  greateft,,  and  the  Sun  never  Sets 
but  coQtinues  above  the  Horizon  for  the  fpace  of  one  natural  Day  or 
.24  Hours,  but  if  the  Declination  ^nd  Latitude  are  contrary  the  Son 
never  appears,  and  the  length  of  the  Night  becomes  equal  to  the 
length  of  the  Day  in  the  oppofite  part,  after  which  the  Afcei^onal 
Difference  becotnes  infinity  ;  and  the  time  of  the  Sun^s  continuance 
above  or  belove  the  (lorizon,  according  to  the  difierent  tiines  of 
the  Tear)  confifts  of  more  than  24  Hours,,  as  l&all  be  fKewn  in  thb 
Sequel  of  this  ProWw. 

Ai|4  bccaufe  In  th«  iaihc  Latitude  to  the  fi(me  Dediiiatida^  there 

win 
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will  alwiys  be  the  fame  Afcenfional  Difference,  and  ccnfequemly 
the  fame  Inequality  between  the  length  of  the  Day  and  the  length  of 
riie  Night,  and  inafmucb  as  the  Declination  jdepends  upon  the  di- 
ftance  of  the  Sun  from  the  EcjuinoAial  pointa^  and  is  the  £ime  at  e* 
qua!  di&ances,  it  follows,    ./    ^  .      '     • 

X.  That  when  the  Sun  is  at  thefamediftance  from  either  o£  the 
Equino3ial  points,  and  on  the  lame  Side  6f  the^<)uator,  that  die 
time  of  his  Rifingand  Setting  and  length  of  the  Day  and  Nighty  is 
the  fame:  For  Examfhy  when  the  Sun  is  in  b  17  dig.  r^  miti. 
5  7  fee.  which  happens  upon  thfe  jtb  of  Aiii>,  or  SI  2  deg.  2(5  min. 
03  fee.  which  happens  on  the  14/^  of  Jufyy  he  Rifes  at  4  h.  13  m. 
op  f.  and  Sets  at  7  h-  45  m.  51  f.  the  length  of  the  Day  at  each 
time  is  ly  h.  33  m.  41.  f.  and  the  length  of  tJie-Night  is^  8h  2(5m. 
lit  for  the  Semi-diurnal  Arch  m  ©;  and  the  ScnMiiO(ftumal  Arch 
0  q  (SietBe  ifi  Figure)  in  each  C/i/^  is  the  fame ;  in  like  manner 
when  the  Sun  is  in  27  deg.  3  3  min.  57  fee  ofScvrfic,  which  happen^ 
on  the  8fA  of  Navember^  or  in  ^  2deg.  25min.  03fec.  which  happens 
upon  the  iitb  of  Jantfary,  at  each  of  which  times  the  Sun  is  at  the 
fame  di(bnce*from',  and  on  the  (ame  Side  6fthc  Equator,  he  Ri- 
fes at  7  b.  .45  m.  5 1  C  and  Sets  at  4  h-  i  ^  m.  op  f  the  length  of 
each  Day  is  %\r.  26m.  i8'f.  and  the  length' of  the  Night  ijh.  33m. 
42  f.  for  the  Semi-diurnal  and  Semi-noftumal  Arches  (See  the  $tAFi* 
gure)  m  L  and  Ln  are  the  fame. 

2.  That  when  the  Sim  is  at  the  fame  diftanee  from  either  of  the 
Eqainoftial  points,  but  on  contrary  Sides  oFthe  Equator,  that  tlie 
time  of  the  Rifing  and  length  of  the  Night  in  one  Cafe^  is  the  fame 
with  the  time  of  the  Setting  and  length  of  the  Day  in  the  other  Cafe 
and  the  contrary, 

Thixs^foT  ExantpUy  on  the7^A  of  Mdy^  when  the  Sun  is  in  «  27 
deg.  3  3  min.  J7  fee.  or  on  the  i4fi&  of  July  when  he  is  in  Leo  02  deg, 
2d  mm.  03  fee.  the  time  of  his  Ki/ihg  4  h.  ix  m.  ppf.  and  the  kn^ 
of  the  Night  8  h.  2^  m.  18  f  is  the  time  of  his  Setting  and  length 
of  the  Day^  on  the  %tb  olNovemker  when  he  is  in  &orfio  27  deg. 
33  min.  $7  fee  or  on  the.  i2^ib  of  January,  when  he  is  in  J1quari^s 
02  deg.  ^6  min.  03  fee  at  which  two  latter  times  he  is  ai  far  diilaet 
from  either  of  the  Equjnodi^l  points  in  the  Southern  &;mi- circle  of 
the  EcUpFiC)  a$  he  is  at  theiwo  former  times  in  the  Northern  Semi- 
circle, .  iand  the  fame,  will  happen  at  all  oppofite  points  of  the 

EdiptiCi  or  equal  DiiUnces  from  eitl^er  Equinof^ul  v6m%  oum- 

•*^'     •  •  ^'   •'     ^  '  *     '  '  .   bred 


Algcitc  Mf^ulfr  it  ^  cftwpvfw  f!;ie   j;?  aj^  pi>  fimu  tpgedjer. 

49  «ne,  is  fc9Ji%l  IQ  jh?  jLC<»#.?tti^  PJ^«a§c  Tj^  p  tht.oAac^iH 
confequently  the  Scmi-nofturaal  Arcb  ®  q^  ^  wncof^c  |^)^  19 

^ip^of  Ri{w)ginttbe5i;/&  ii^«*  ^d^e  pi6eccntt  becw^ep  ,tlie Se- 
^Wiumal;SW4S$?itsno^K|Ml  Aw^  ^  each Jij/Zf,  bc;i^«qjul  ip 
Qi^ancity  to  thcdouWe  of4»  A{fep^l9tial  ^jifi^cpi^. 

'jr^e  Oblique  AfccDj^op  9i^i  Ddceni^n,  .tbe  uii^e  of  ^  Stun's 
Rifi?g.W5ptt«Rg>  jipdishcleijg^pfthp  pjiy  ^d  l^right  m^iy  bpio- 
(V^gQKl  dire^y,  ^idwji^t  the.hcilp  pt  ^e  Aij^afionia  Pia^a^occ 

For  4a  the Sipijecicsa  Xruaglc  ©PO  (&*,/*«  tfiFig^^  iUght- 
#ng(c4  ^  .0,  ftreigiyes,  (?)  jP  j^qial  to  the  Cofloplcmfnt  i4^  frs 
Dccliijatiop,  tpr  ^diftsMVPifropa  «bc  Pole,  and  4>  ^  f bf , foiijwjft  or 
ib^jc  ot'  the  Polte  abpve  the  ]$drizon,»^eoqe  to  %a.tbe  Aa^c  ft  > 
,«qml  .tp.tlne  Arcb. of  the ^quaxpr  Jg^,  Mp/4  \tp rijcSwup^is^l 
'Ar<^  Qf  half  tbe  length  9|f;beN;gftt,  and  confcqo«i%  tbe  dote  of 

!§.«p  jR-ifitig,  it  will  .lie  by  <hp  Xvz*^  9sf'  ^  ^f>^1*Hh4  Sfherk^ 
As j^>^a|di>^ ■.' . '   ■ -I'M.' ...  n, -'''nui.  "..■.■■  .H  ..■■■ '    '  .10. 


•  ««•:• »:» 


.    To  the  T^t^g9nt  of.^LatitMdej  1.3  a  ,.  ^    .  .■. — r*iO40^pi3; 
§0  i?^  tbe  faagWit  of Jtbp  Uedjflgtion  wj.^^^oj j?>5,5  a8»  17 

Tptlie!Cft-)(MicCwtbisC«/^«>-0frtc.Semirnpaur«^l?     ^\f,.,,„ 

Arcb  RQj  cqualto  c^j.iy-i? X   ^""^^^JJ* 

-     ,       .     ■  ■••'   -      ...    ■ 

Whidiredu^ced^nto  time glres,^  h.  ix  m.  op  H^r  the  time  of  tbe 

•Bart's  fejfi^,  aiid  fobftrafted  from  ,11  ^.  gives  j\u  ^m.  51  f.  for 

the  tvne  QfSetjtuig.  ^ 


Again/  the  Complement  of  this  Arch  25 1^.  4a  m.  4^  (Ifbfatftn&ed 
frpmand,a4dcd  to  thcSiin'sR^^  55  .rf€ig^^i7»^in-  ojTcci 

will  give  for  the  Oblique  Afccnfiop  28  qcg-  34min.  20  fee.  J,  and 
for  t^e  Oblique  Defeenfibn  8x  deg^  5p  min.  46  fee*  as ))ef(Hre  deter- 
mined*  Or 


Tbe  fatttf  Arch  tf?  tfr  ik^  i  foak.  t-j  fte*  «dde<ft  to'^  aid  rabftia&> 
ed  ficNn  the  San's  Right  Akdifi«ft)  ^$,-  deg^  ry.mvk  03  i»  MipiU  f^y» 
ttZ  deg.  34  rtiin.  a<y  reb<  i,-  and  351  deg.  jp  mihV  46  fee.  i  for  the 
R^hc  AfcenfioM  tfr  Degree  dnlde):  t&e  lower  part  of  the  Meridian,  at 
the  tifhtf  of  iSie  Suti'^  fufit^  sOid  Se^g,  whence  the  afceridiBg  and 
defonidfiig  F6iais'  arb  ec^y  hid. 

Bat  it  the  Lackitdtf  ^  i!h«  Plifctf  and  DiicIinatioD  of  the  Sun  are, 
contrary,  thM  is,  if  one  be  Ko^th  and  the  other  South,  then  the 
foni^h  Atch  before  foHttdf  gited  the  Seitti-diurnal  Arch,  orl^ifthe 
le^^  of  the  P^  or  time;  6r  the  SUh's  Setting. 

ThtainiM^«yy  <be  jibi  whert  the  DedinaCioii  is  the  fame  in  Quan- 
tity as  in  the  i/?  Figure  but  South,  afhd  the  Latitude  North,  the  An- 
gle H5  ®  tqdal  ta  Che  Angle  €>  PO  of  the  Triangle  ®  PO  in  the 
rfl  Ptptr^t  equ«l  td  the'  Afcli  ARt  or  Semi-diurnal  Arch,  gives 
4  h.  13 11k-  09  f.  fcf^  iftfe  timti  of  tife  Sfiif^^nhg,  aitd^tiil^n  frotnf 
XI  ttoorf,  gives  "/h;  /f6m.  5 1  f.  for  th^  tinie  of  the  Suh's  Rifing. 

And  di4  &ihe  Ar<!h  A'h.-  if 3m.  09 (ec.  doubled,  giv^es  8h.  t&^. 
f9fec  fbrthekngth  01  the  Day,  a«d  &iis  tAtit^itta  14  Hoars, 
gitiSs  t  y  deg-  ^3  iiiin.'4i  kc.  for  tfaeUngtb  of  ^  Nighv. 

Iiiiikt  lAaatiier,  «he  fasM  AtCh  of  <f 3  d«g.  i7n^iii.  i^^c.  taketi 
hdtik  ilkf  ftid-'si  Rjght  AfcenfiM  fj ):  deg-  i  y  Min.  b  3  fee.  |,  ik^ilFleave 
»1i  d^'  y#niin<  ^  fee.  i  for  the  Right  AfcenfiMi  of  the  Mid>hea-> 
yen,  at  the  time  of  the  Son's  Ri6ng  %  dud  addddto  ^  Right  Afben^ 
fiOtt  i3^  dejg.  <7 niins  e^  fc<f. },  WJH^  ipfrdtg.  34 rtriB:  ao fetf, 
fof  iBeRtgKt  ATeiinfidh  «f  the  Mid^lfeaviert,  atrthe  titite  (if  the  ^^ 
ting,  ^Vfaenci  tfft  ObHatte  AfcenTioii  jtrid  IMtxtSkxiti  tifAy  had  ; 
:Ud  (he&nfe  Unt  tttift  bfr  dbferVed'Vi^itftb  the  Latittidt  iiSotith,  arid 
th«  BediMtiOfr  ekhbt  tlit  hiht  «f  cilntniry ;  atf  which  is  abtiridadtiy 
HiiAaSitlito  sitiy  whi^tt^ifl  diligently  ctihfidefabd  compete  ihe  h«rd 

ft  hks  bed)  ^ttbd  ill  Pit?  the.  tgiftB  that  Mt)1ieh  thtf  Ikclfaiitidn 
Af  die  SnA  Bee6Hle«  eqml.tothe  GonipleAtent  of  the  Latittide  of  the 
Race,  ahd  of  the  feme  ^noMtoaiion,  that  then  the  SaH  h^trr  4e- 
fieemis  belovv  the  Horizon,  but  touches  ift  the  ootjofite  pirt  df  the 
MeriHiM,  nd'on  the  CdritMty,  thkt^fien  the  Dedinition  is  of 
a  diAirdlit  ISettttmihatiort,  thit  then  the  Suttiiev^  af^ends-abote  the 
Uoatoot  Uic  only  toiicht^  it  whet>  u^odtheMitidiin-. 

Let 
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Let  it  thcrcfott  be  rcquiitdtofind  the  Beginning,  Duration  and 

End  of  tbe  longctt  Day  and  the  loiigeft  Nighc  at  the  North  Cafe  m 

the  Latitude  ot  yi  dcg.  z%  am.  Norchr    ^  .     .     r 

In  the  adjacent  ffiure,  having  let 

ofi  the  Latuude  ot  uie  North  Cafi 
7  f  deg.  1 5  min.  hrom  O  %o  P^  and 
drawn  the  Axis  P  S^  and  at  Right- 
.  at^les  to  it  (he  £quatoritfjQ,,it  is  ma- 
nin;ft,  thatwben  ttie  Deciinatton  of 
the  Sun  or  his  UiAaucc  from  the  £- 
quator  towards  the  North  Pole  P^ 
becomes  equal  to  O^,  that  is  in  the 
prefent  Cafe  equal  to  1 8  deg*  3  5  mifl« 
;the  Complement  of  the  Latitude, 
,  f;bat  j;hen  the  Parallel  m  O  which  is 
called  the  the  Crwle  of  perpetual  App^rition^  btcomes  the  Parallel 
of  the  Semi-diurnal  Courfe.  and  that  in  his  Revolution  round  tbe 
Heaven's  he  never  defcends  below,  but  only  touches  tbe  Horizon  in 
the  point  O,  whei?  he  '\%  upon  the  Northern  pare  of  the  Meridian, 
and  after  that  he. continues  vifib.lj^  above  the  Horizon,  till  having 
pafled  thro*  all  the  varietys  o^  Northern  Declinations,  from  18 
deg.  )5  miD.  North,  to  tlie  greateft  23  deg.  ipmin.  and  from  thence 
back  again  to  1 8  deg.  3  $  min-  North,  tbe  fame  Parallel  m  O  becomes 
the  Parallel  of  his  diurnal  Courfe. 

On  the  CQ,ntrary,  when  his  Declination  or  Diftance  from  the  £* 
quator  towards  tbe  South  becomes  equal  to  AH  9r;;Qiy  iivtbc  pre* 
{ent  Caje  18  deg.  %  5  min.  the  Parallel  Hn^  or  Circle  of  perpetual  Oc* 
cul cation,  becomes  the  Parallel  of  his  NodumaTCourfe*  at  which 
time  he  never  afcends  above  the  Horizon  but  only  touches  it  in  the 
point  H^  when  he  is  up<^n  the  Southern  part  of  the-Meridian^  and 
after  that  he  continues  invifible  below  the  Horizon, ^  till  having 
pa0cd  thro*  all  the  varietys;  of  the  Souchern*  Declination  from.  18  deg. 
3  5  min.  South,  to  the  greateft  23  deg.  29  mm.  and  from  thence  back 
again  to  18  deg.  35  min.  the  fame  Parallel  Hn  becomes  again  the  Pa- 
rallel pf  bis  No^urnal  Courfe. 

And  to  determine  the  exafic  time  of  the  Begining,  End  aqd  Dura- 
tion of  the  iongeft  Day  and  Night  by  Calculation^  it  wiU  be  by  the 


1  i/A  Caft  of  PtfAhm  the  ifi^  of  i;his  Sii\m^ 


As 


^Afinmmkal  Tnblems,  %y^ 

A»  tfeeSinc  of  the  groatcft  Dcdination  %%.%9   '  ■       ■-5>.tfoo40j>Q 

To  the  Co-fine  of  the  given  Latieiide  74«a5->^-  ■    i  i  ■^g.ytfojypy 
So  is  the  Radius    ■  >  ■  m  n  i         m'\jpiqx)ooqooq 

To  die  Sim  of  the  CQrrcfponding  Archpf  Loag.  jj.iJ.jo  p.j^oipsoy 
counted  from  the  next  Equino&ial  point  ^— -. ..  ■ "  .  ^  ^ 

•This  when  the  3uft*s  Dcclinaoon  is  North  xnd  inpreafing,  gives 
the  Sun's  Place  in  Taurus  23  deg.  06  min.  20  fcq.  and  which  hap- 
pens upon  the  ji  of  May^  when  the  longefl  Day  begins 

But  when  the  DecUnaticm  i%  North  and  decreafing,  it  fhews  the 
Sun  t9  be  in  U9  6  deg.  5  3  min.  40  fee.  and  this  happens^  upon  the 
19*6 ot  Juif^  when  the  longcft  Day  ends;  and  confeqiiently  tb? 
kHigeft  Day  confifts  of  77  Natural  Days. 

When  the  Sun's  Declination  i^  South  and  increasing,  it  gives  his 
Place  in  Scerfi^  23  deg.  06  min.  20  (ec.  and  which  happens  upon  the 
4^A%f  tiovemhr^  when  the  longeft  Night  b^ins. 

Aod  laftly,  when  the  Sun  s  Declination  is  South  and  Decreafing^ 
te  gives  his  Place  in  ^9«4Er/»xtf  deg.  $3  m.  40  fee.  and  this  hap- 
pens 00  the  i6tb  oijaifuarjiy  when  the  longeft  Night  ends ;  and  con** 
fcqnently  the  length  of  the  longeA  Night  confiflsof  73  Natural  Days, 
&orter  than  the  longed  Day  by  four  Natural  Days. 

On  the  contrary,  in  the  Latitude  of  7  ideg.  25min.  South,  the  long- 
eft  I^y  begins  on  the  ^b  o( NfvepthrfMd  ends  on  the  16th  of  yon- 
nary  following,  and  contains  73  Natural  Days,  and  the  longeft  Night 
begins  on  the  id  oi  May^  and  ends  on  the  i^ith  of  July  y  and  is  equal 
in  (^anciry  to  /7  Natural  Days,  longer  than  the  longeft  Day  by  four 
>7atural  Days ;  and  the  fame  I^ito  muft  be  obferved  in  all  other C^« 
fes  of  t^is  kiz^. 

^  By^  help  of  the  Table  of  the  Sun's  Declination^  the  beginning 
and  end  of  ^e  longeft  M)d  (hprteft  Day  and  Night,  in  any  Place  may 
be  fomd  by  Infpe^on^  by  finding  out  the  given  Declination  in  the 
gm&  Tables,  and  the  top  of  the  Column  will  {hew  the  Month, 
and  in  the  fit^  Column  opon  the  left  Hand  you  have  the  required 
I>ayj  when  either  the  longeft  or  (hortcft  Day  and  Night  beginsor  ends* 
And  itufimich  as  the  Sine  of  the  corr^fpondent  Arch  of  Longitude 
Iff  rcctprocsily  proportional  to  the  Sine  of  the  Latitude,  it  follows, 
tibue  die  gciater  the  Latitude,  the  lefs  will  be  the  correfpondent  Arch 
of  Loicitnde^  tittat  laft  thp  Latit&de  heiiig  at  1^  smf^>  the  cor- 
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itfpondent  Arch  of  Longitude  vaniflies,  and  the  civil.  Day  is  equal 
to  the  length*of  the  Year,  and  this  happens  under  either  Pole- 
In  the  Year  1695,  it  a  Town  called  Pelloy  in  the  Latitude  of  tfy 
deg.  53  min.  ten  Miles  to  the  Northward  of  Fortieo  in  the  Weftcrn 
Bothnia ,  on  the  i^th  of  June  j  at  twelve  Hours  P.  M  when  the  Center 
.of  the  was  Sundepreflcd  40  rain,  below  the  Horizon^  he  wasiecn  by 
the  njeans  of  the  Rcfraftiori  at  the  Altitude  of  two  Diameters  j  and 
the  Dutch  in  No'va  TLembla  lot  the  fam  c  Caiife  have  feen  him  wii&n 
he. ought  to  have  been  dcprefled  4  deg.  below  the  Horizon,  and  if 
at  the  Tiortb  Cape^  where  our  Ships  that  go  to  Archangel  conftantly 
pafs  and  rppafs,  we  allow  but  two  Degrees  fipr  the  Rcfraftion,  he 
will  be  feen  conftantly  above  the  Horizon,  froAi  the  26th  of  jipy^il  to 
the  2jsh  of  5^«/jK  following,  during  the  fpace  of  92  Natural  Days, 
that  is  longer  by  i  j  Natural  Days  than  he  would  do  were  it  not  for 
this  Refraftion,  and  for  the  fanje  Reafon  the  Icngeft  Night  will  not 
commence  till  the  ipk  of  November^  and  will  end  on  the  'jth  of  jP^w- 
'  uary  following,  and  will" be  equal  in  Qiianticy  to  55  Natural  Diys, 
only,  (hotter  than  it  wonW  orherwife  be  were  it  not  for  the  Refraftion, 
by  18  Natural  Days;  whence  it  comes  to  pafs  that  the  apparent 
longeftDay,  or  time  that  the  Sun  is  vifible  above  the  Horizon,  is 
longer  than  the  apparent  longcft  Night  or  time  that  he  is  abfent,  is  c- 
qual  to  37  Natural  Days,  and  this  Rcfraftionmuft  be  taken  Notice 
of  in  all  Calculations  v/hatfocvcr 3  to  obtain  the  length  of  the  appa- 
rent time  of  the  Sun's  Abfence  or  Prefence,  and  the  fame  will  h<Al 
good  in  the  Fixed  Stars  or  Planets, 

This  I  judged  proper  to  take  Notice  of,  to  obviate  any  Objcdion 
that  niight  appear  againft  the  former  Calculations  to  thofe  who  are 
ignorant  of  th^  Caufe»  and  it  would  be  of  no  fmall  Service  to  the 
Scienctj  if  our  Mariners  as  they  Sail  to  and  fro  in  thofe  Parts,  would 
Note  in  their  Journals ^  the  exaft  time  when  the  Sun  begins'to  be  feen  * 
above  theHorizoii  during  the  whole  24Hours,  and  how  long  he  con- 
tinues fo  to  do  5  for  as  the  exaft  time  may  eafily  be  obtained  by  Cj/- 
eulation^  this  compar'd  with  the  apparent^  wilt  readily  flie w  the  tmc 
Quiwicity  of  the  Refra&ion. 

Iris  confirmed  by  daily  Experieoce,  that  the  Atmofphere  continues 
illuminated  for  fome  time  after  the  Sun  is  Set,  ^nd  begins  to  be  il- 
luminated before  he  Rifes,  and  by  Aftronomers  it  is  found  to  laft  ih 
the  Evening  till  the  Siin  is  defccnded  1 8  degrees  below  the  Horizon, 
when  the  foulleft  Fixed  Stacs  that  can  be  m  mih  ^  naked  Eye, 

and 
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aod  /ucb  arc  thofe  of  the  ^tb  Magnitude^  Ucomc  vifiblc,  and  that 
it  begins  in  the  Morning  when  the  Sun  is  within  la  degrec.s  of  af- 
ccnding  the  Horizon^  and  when  thefe  Stars  begin  to  vanifli,  this 
commencement  of  the  Illumination  of  rfie  Atmcjfhert^  when  the  Sun 
begins  to  fcattcr  his  Light  thro'  the  Heaven's  or  firft  dawning  of  the  • 
Day,  is  commonly  called  the  break  of  Day  or  begining  otMom.x 
ing  Twilight,  as  in  the  Evening  when  this  Illumination  caUcs^  and  the 
Amoffhtre  is  wholly  deftitutc  ot  the  Solar  Rays^  it  is  called  the  end 
of  Evening  Twilight,  or  beginning  of  Total  Darknds* 

Let  it  therefore  be  required  on  the  ^$b  of  Miy^  when  the  Sun'a 
Northern  Declination  is  ip  drg.  39  min.  10  fee.  I,  to  find  the  be- 
gining  of  Twilight  in  the  Morning,  and  the  end  of  the  Twilight  ia 
the  Eveijing  at  London  in  the  Latitude  of  5  x  deg.  3  %  min.  North. 
7%e  Stere^gra^bical  Solution. 

Having  drawn  the  Meridian  ZO 
NH^  the  Horizon  flO,  the  Prime 
-  Vertical  ZN,  the  Axis  PSy  the  E- 
quator  JSij  ^d  the  Parallel  of  No- 
them  Declination  m  0  ii,  as  in  the 
firft  Figure,  about  the  Zenith  Z  draw 
the  SmaH  Circle  O  ®  jr,  at  the  dif- 
tance  of  1 08  deg.  or  which  is  the 
(jime  thing,  a  Parallel  of  Deprei&on 
of  18  degrees,  where  this  interfeds 
the  Parcel  of  Declination  before 
drawn,  as  in  ®,  gwes  the  Place  of 

theSun  at  the  beginning  of  Twilight  in  the  Morning,  or tf  the  end  oi 
Twilight  in  the  Evening. 

2.  Thro'  the  point  3>  and  the  Zenith  and  Nadir,  draw  the  Verti* 
cal  Circle  Z®N,  alfo  thn[>*  the  Poles  P  and  5;  imd  the  fame  point 
&^  draw  the  Hour  Circle  P<S>S  and  the  thing  is  done  ;  and  the 
Aagle  ePQ^ot  Arch  of  the  Equator,  is  equal  to  the  time  of  the 
beginning  of  Twilight  in  the  Morning,  and  the  Angle  AP  0,  or 
Arch  of  the  Equator,  A  x,  will  give  the  end  of  the  Twili^t  in 
the  Evening,  each  of  which  may  be  meafuredby  Cafi  the  74  of  Pr«- 
Uem  the  loM,  ofSeSkn  the  id. 

And  to  find  it  by  Cakuhtiony  by  the  i  ztb  Cafe  of  OHifue-m^led 
Sfhericdl  Triangles. 
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To  P®  t^ual  to  thcComptemcne  of  the  D*cUB*ticn(ih  th«C4/r) 
equal  to  70  deg.  ao  snia.  jo  fee,  add  ZP|,  equal  to  the  Cofbplcment 
of  the  Latitude  of  38  deg.  28  tnin.  artd  Z®  equal  to  the  DcDtcflicft 
of  the  Sun  plus  90  degrees^  equal  to  to8  degrees,  ai^dfrotati  halt  the 
Sum  equal  to  108  deg.  24  min«  25  fee.  fubftrad  ^®  the  dlftance  of 
the  Sun  l^roiii  the  Zenith,  equal  to  108  d^re^s,  dnd  ktep  the  Rt* 
mainder  34  min.  25  fee.  then^ 

5ro  the  Aiittu  Gomp-  of  the  Go-fine  of  the  Latit.crj  j.3  4  6.id<f  1*83 
AddtheArith£omp.oftheCb-fine6ft*rtl>ed.  ip.ji^.to  o.o2tfo«y8 
AlOcythtSittiof  thie  hatf8um=i^8.24.2jf-^-» — »  *■;■  >  9.9771919^ 
And  theSintof  the  Remainder=:fcob.l4i25--'- — ^ "7.8513207 

Half  the  Sum  of  thcfe  four  Skies- — ■  '  "  -  '  ^'     ■« — ^—  P*^30J7Sf 

Will  be  the  Sine  of  tf  deg.  op)nin.  23  feci  which  being  doubled 
gives  1 2  deg.  18  min.  4$  fee.  for  the  Angle  ®iPOx>r  Aith  of  the  E* 
quator  XQj  and  being  reduced  inko  time>  .gives  o  h.  4j^m.  15  f.  fot 
the  begining  of  Twilight  in  the  Mornings  and  taken  froKi  twdve 
Hours  gives  the  Angle  AF®  or  Arch  of  the. Equator  A  x>  equal  to 
iih.  lom.  4$f  for  the  end  of  wilightin  the  Evenmg. 

It  has  been  already  determined,  that  when  the  Sta  bafi  ip^4ig» 
39  min.  10  fee.  I  of  North  Declination^  that  then  be  Riies  m  o^h. 
13  min.  09  fee.  when  the  Morning  Twilight  ends  ;  whefi^fdre  tdfiAd 
the  duratic^  <^  Twilight  in  the  Morning, 

From  the  end  pf  Morning  Twilight  -^  nf'ii..i,i  n.,  ■  n  4  ^ ^  ^ 
Take  the  begining  of  Morning  Tlyilighfc*^^riu  i-ni.ii  i«i  ro    4p     1  j 

Remains  the  duration  of  Twilight  in  theMorni 

•  Andfaecau£t  t«4KntMtSi!taSccstbe£«riingTwi4i^tbegf& 

From  the  cad  of  tht  Evening  TwiKght  »—  i  -rrtm  in  |  ^  x'o  45 
Take  the  timfe  of  theSon^  Stttwg- «  «f  r  n<  m  it^aih  ■  y    ^^    ^^ 

•  >i^  tin  I  rid  ■'  ■  I  ■ 

Remains,  the  dtfracion  of  Twi%ht  in  the  tiK^g**"—}',    2$    ^ 


■hlM«i«i^ki«iA^BH 


And  becinfc  die  Snh  Ims  the  fatde  Nortbeito  Bediiunloa  M  the 
w**  ofM'  thatJie  has  on  they/A  of  A%,  it  follo«^«h8lMi^Bch 
o£  thofc  D^s,.  the  Day  breaks,  or  firft  begins  to  ap^ar  at.  4  h. 


if- 


15  ».  m,  theMocttiiig,  and  the  Sim  RiTes  at  4  k  13  m.  09  f.'aod  Sets 
etc  7  k  y^m.  51  f.  itful  the  Twilight  ends  at  11  h.  10 m.  45  f.  gjt 
N^ht,  when  the  duration  of  Twilight  is  3  h-  25  m.  54  f. 
When  theXXcI  illation  of  the  Sun  becooKs  equal  to  the  Diflettnce 
between  the  Complement  of  the  Latitude  and  ehe  Depreffion,  and 
botk  the  rame  way,  the  Solar  Rays  never  quit  die  Hemifpfiere  ; 
therefore^  from  the  Compiemeiit  of  the  Latitude  of  ZaWox  equal  to 
jSxkg.  ^mkk.  take  the  Depreflion  iSdeg.  oonin.  thr  Remainder 
ao  deg*  28  min.  is  equal  to  the  Declination  when  the  total  Darknefs 
ceafes*  and  thisaafwerii^  to  the  1 1^  of  May  and  die  tithdf  July^ 
acccadii^  to  Cafe  the  m(  oiProikmKhft  tfi^oi  tfaii  SeEtitm^  it  follows, 
thK  in  Lond^  Ifrom  the  1  uh  of  May  to  \3tit  tub  of  Juiy^  there  is 
b6  total  Darknefe,  and  that  ^  Twttght  continues  ftom  the  time  of 
tbc  Setting  of  thstSon^  till  che  time  oHiisRifingagain* 

Afoer  the  laxac  maimer  of  Compotaftion  it  will  te  found  that  on 
the  I  ifh  di^oHumy  and  the  8M  of  Nwemter^  whea  the  Sun  has  the 
iraae  Quantity  ^f  South  DeclinatiOB  as  in  the  f  omuer  E^nvtfU,  he 
had  North  Declination,  that  ehe  begismgof  Twilight  in  the  Mom«- 
ing  or  firfl  dawn  of  the  Day,  will  happen  at  5  h.  42  m.  05  f.  and 
that  the  end  of  Twilight  in  the  Evening  or  beginning  of  total  Dark- 
nefs, will  be  at  ^  h.  xym.  55  f.  afrer  it  has  continued  for  the  fpace 
of  oih.  04  m.  itf£  ihorterthan  the  duration  in  the  former  Cafe,  . 
when,  the  Sun  had  the  fame  Quantity  of  North  Declination,  by  the 
(pace  of  01  h.  19  m.  o8£  the  Realon  of  which  will  be  very  evident 
from  what  follows* 

In  the  ad jacent  Figure,  let  Z  O  iVH  rcprefiait  the  Meridian,  HO  • 
the  Horizon,  ytf^  the  Equator,  »  «i  £/,  FLy  C/Sr,  H/,  and  Vf  Vf , 
fevexal  PsunUels  of  Declination  and  D  ef  the  Parallel  of  Depreffion 
or  Circles  bounding  the  Twilight,  at  which  Circle,  whenfccvcr  the 
Sun  by  bis  apparent  diurnal  Motion  arrives,  the  Morning  Twilight 
begins  or  the  Evening  Twilight  ends^  in-whatfoever  Parallel  of  Decli- 
nation the  Sun  is  in*^  • 

la  this  Figure  thefeveral  Arches  x&,  ys,  ne,  &c.  of  the  leverat 
Parallels  of  Declination^  intercepted  between  the  Horiaon  HO  and 
the  Parallel  of  Depreffioh  D  ef^  will  be  the  fereral  Arches  of  Twi- 
light, and  as  each  of  thefe  Arches  bears  a  greater  or  leiTer  Proportion 
to  the  Circles  or  Parallels  of  Declination,  of  which  each  Arch  is  a 
part,  ib  the  duration  of  Twilight  will  be  longer  or  fixorter,  when  the 
Sunja  in  thefe  rdpeftive  PataUels. 


/S 
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Let  the  Great  Circle  Re  Fbc  drawn,  to  touch  the  PafaUel  of 
DepreiBon  as  in  e,  and  the  Circle  of  perpetual  Apparition  BO,  and 
becaufc  the  Horizon  HO  couches  the  fame  Circle  of  perpetual  Ap- 
^rition  in  the  point  O,  the  Angles  dcn^  met,  and  tetj  formed  by 
the  Interfediw  of  the  Equator  and  thefe  two  Circles,  viz,,  the  Great 
Circle ReT and  the  Horizon  HcO  will  be  equal,  and  the  feveral 
Arches  of  Declination /J^,  at,  mr,  &C' intercepted  between  the 
•  Horizpn  £0  a^d  the  Great  Circle  ReT  will  be  iimflaCy  whence  it 
follows,  ,    ,. , 

I.  That  while  the  Sun  is  on  the^atnc  fide  of  the  Equator  with  the 
vifible  Pole,  the  Twilights  do  conftantly  grow  \oa^  accwdingas 
he  approaches  nearer  to  the  fame  Pole,  for  the  Twilight  Arch  h  m 
is  longer  in  being  dclcribed  than  £  c;  the  Twilight  Arch;^  is  longer 
than^;»,  and  the  Twilight  Arch/ a  is  longer  than  ^  m,  till  aclaft 
when  the  Sun  is  got  to  fuch  a  diitance  from  the  Equator,  th%t  the 
Twilight  Arch  /^  interfeds  the  Meridian  in  fome  point  between 
f  and  0,  it  will  never  meet  the  Parallel  of  DepnrflioQjor  bounding Cir- 
xle  JBieF,  but  cont|nueduriiig  the  wliole  Night. 


And 
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And  inafranch  as  thcfcveral  Arches  /A,  /i/,  wr,  ct^  &c.  are 
fimilar,  ic  follows,  that  when  the  Suivdcfcribcs  the  Parallel  of -De- 
clination ne^  that  cuts  the  Parallel  of  Depreflion  or  bounding  Cir- 
cle 2>i?p  in  the  fame. point  e^  when  the  Great  Circle  ReT  toudics 
it,  jhat  then  duration  of  Twilight  will  be  the  fhorteft,  for  when 
the  Sun  dcfcribesthe  Parallel  o?  Declination  i /,  or  the  Southern 
fide  of  the  Pajrallel  «.c,  the  Twilight  Arch  sy  is  longer  than;/,  e^ 
qiial  to  ne,  and  when  the  Sun  defcribes  the  Parallel  of  Declination 
vy  ^,  the  Arch  of  Twilight  7uy.  greater  than  x  0,  eqyal  to  y  fy  €• 
qual  to  «  e,  is  greater  than  y  s. 

Hence  we  are  taught  how  to  account  for  that  great  Difference 
that  arifes  between  the  increafe  and  dccreafe  of  the  Twilight,  ani 
the  increafe  and  decreafe  of  the  Days  and  Nights  '^  For  tho*  in  all 
Northern  Latitudes  the  Days  conftantly  dccreafe  as  the  Nights  in^ 
creafe,  during  the  time  the  Sun  is  moving  from  the  Summer  Solpia 
till  he  arrives  at  the  Winter  Soffticey  and  that  the  Twilights  and  Days 
are  at  the  longeft  when  the  Sun  is  in  the  firll  point  of  Cancer^  and 
both  begin  to  decreafe  together,  yet  the  duration  of* Twilights  do 
not  continually  decreafe  till  the  Sun  gets  into  the  firft  point  of  C/j- 
frkoi-n  ;  but  there  is  a  certain  point  between  ihem,  to  which  when 
the  Sun  arrives,  the  Twilights  are  tlien  at  the  fSortefti  after  whidi 
they  begin  to  increafe  again  in  Iength>  tho'  the  Days  go  on  to  de* 
creaf«,  and  contiiuie  fo  to  do  the  farther  the  Sun  goes  to  the  South- 
ward j  and  on  the  contrary,  tho'  the  Days  begii)  to  increafe  after 
the  Sun  is  paft  the.firft  point  of  Capricorn,  and  continue  fo  to  do  till 
he  arrives  at  the  firft  point  of  Cancer y  yet  the  Twilights  begin,  tog* 
ftortcn,  and  continue  lo  to  db.till  he  comes  to  a  certain  pointy  as 
far  diftant  from  the  Solftitial  point  in  the  afcending  Semi- circle  of 
the  Ecliptic,  as  in  the  formej^  Ca^e  be  was  diftant  in  the  defcending^ 
Semi<<ircle,  when  the  duration  again  becomes  fhorteft  \  after  whicFv 
they  be^  to  increafe  again  together^  and  to  determine  the  diftance 
of  the  Parallel  of  Declination  from  the  Equator  when  this  ihall  hap- 
pen. '  >  V 

Thro^  the  point  ey  where  the  Arch  of  Ihorteft  TwiUght  cuts  th© 
Parallel  of  Depreflion  Defy  draw  the  Vertical  Circle  iLbcy  to  cut. 
the  Equator  in  the  point  by  and  becaufc  the  Great  Circle  KeT^^ 
which  touches  the  Circle  of  perpetuaF  Apparition,  touches  likewife 
the  Parallel  of  Depreflion  io  the  fame  point  e^  the  Angles  rf- m  £  aftd 
heidi  the.  Triangles  if  ;^  ^  and  ^  e,  t  will  be  both  PJght-angles,  and 

becaufe. 


/ 
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bccaufe  the  Horizon  touches  the  fame  Circle  of  Apparition,  the  An- 
gles met,  and  Ore  formed  b3f  the  Equator,  and  the  Horizon  and  the 
Great  Circle  R  eT,  will  be  alfo  equal  j  but  the  Angles  ctm  and 
f*^  are  equal  being  oppofite,  wherefore  the  Triangles  dm  and 
Bet  are. Equiangular,  and confequcntiy Equilateral, and  confeqaent* 
\y  the  Arch  mb  equal  to  t  e,  is  equal  to  half  the  Arch  m  f,  equal  to 
half  the  Dcpreffion,  equal  to  9  Degrees ;  and  the  Arch  i  t  will  be  c- 
qaal  to  cfHy  and  to  find  its  length  by  Calculation,  in  the  Spherical 
Triangle  kcnt  Riglit-anglcd  at  m  are  given,  the  Arch  b  m  equal  to 
half  the  Dcpreffion,  equal  to  9  Degrees,  and  the  Angle  mch  equal 
to  the  Arch  OQ^  equal  to  the  Complement  of  PO  the  Elevation  of 
the  Pole,  whence  to  find  the  Arch  c  w,  it  will  be  by  the  ^b  Caje 
if  Rjght-anghd  Spherical  *triangleSy 

,  As  t, <.* cmiR:  ii,Bm:S.  cm;  that  is. 

As  the  Tangent  Compleijient  of  the  Latitude  of  the  Place, 

To  the  Radius ; 
So  is  the  Tangent  of  the  half  of  the  Deprtfffion, 

To  the  Sine  of  a  fodrth  Arch. 

Again, 

Thro*  the  point »,  where  the  Parallel  of  (horteft  Twilight  cots^tfae 
Horizon,  draw  the  Arch  of  the  Meridian  h  i,  then  will  the  Arch 
nd  he  equal  to  the  Declination  of  the  Sun,  or  the  difkmce  of  the 
Parallel  of  Declination  from  the  Equator,  when  the  IhorDeft  Twi- 
light happens,  and  becaufe  the  Arch  ne  of  fhortefi  Twilight  ispaxallel 
to  the  Equator,  the  Arches  n  c  and  et  will  be  equal,  and  confeqoently 
will  be  equal  to  c  i»>  the  fourth  Arch  before  round  j  wherefore  in 
the  Spherical  Triangle  nc  d Right-angled  at d,  arc  given,  the  Angle 
ncd  equal  to  mcb^  equal  to  the  Arch  0^  the  Complement  of  the 
Latitude,  and  the  Arch  or  Side  n  c  eqid  to  c  m^  tlie  fourth  Arch 
before  found,  whence  to  find  the  Arch  of  Declinadon  ni^ix,  mil  be 
by  the  $th  Cafe  of  Right-angled  ^iericalTriangles, 

AsRS.<in€  d:  :S.nc:S.nd;iiiZtb^ 
As  the  Radius, 
To  the  Sine  of  the  Complement  of  thrl-atitudc  of  tJie  Plaoc; 

So  is  the  Sine  of  the  fourth  Arch  before  fbundj 
To  the  Sine  of  the  Ardi  of  Dedination  fought. 

Again, 
Becaufe  the  ty<c:R  ;  :t,  bmiS^cm;  znd  diat  the  Tangent  of 
an  Arch  is  to  the  Radius^  as  the  Sine  of  the  fame  Arch  is  to  ite  Co- 
fine.  The 


-'     The  S.^cics^^c::  tifkt'iS.cml 
Wherefore^  the  c  5,<c :  8/<Cc: :  Ss  c^w :  t,  «i*,  and  by.  tfaeUtttc 
PropoitioA  (foe R  :  Sv <f  I  :  & ^ 0 =S.  IT 9»  t  &  «.i/.   ..  ::.r  .  ,• 

WherdFott^ibecMfethct^i^'middteTcnu     bach  Sec  of  ^q^i- 
tionalsartittift^ilainej  it  wOtbc  -^-  ::....  .         :  va  3t  i 

AsdieRadJw,  *-    •  .  ,>.....,... 

To  the  Smeof  the  Lackudt  of*  the  Place ;:: ;     .    ..../.  j    ; 

Sai$:tbertTaiigeiit'<)f4ftlf  t^^^  D^if^eifi«iB»L'.  i  l-  .     ;:,, :  (^  ^^  .,';^ 
To theSitfi of^be  DttluiataaMrof ;theSutt.wto       fbocti^lTv^i- 

Ikht  happens. "  ^  •'    ^ "./   .iv.-:!   -•..    . 

.   Whetdore  ifit^^be  r^qoircd  to  find  wljen;  the  &oxti^XyiJ^g]jts 
^h^^pen  at  Uiulpnitk  the  LaticudNpof^5ii  dqg;.  .3^  auo*  Norths  Jt  wiU 

A$  the* Riding  ti  igncira    u,  ahl-il.n»  T  n.j   » i  *  ;,■!.,  ^    ki.i<>»99pq9Qp 
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To  the:Sinc  of  the  Laticode  qf  5 1.3 2.-r-r— r-^— — ^»p.8^374j  * 

So  is  the  Tangcfat  of  the  half  Deprcfltod  9^00— ^^ — '9r^997^^S 

*      *  '  •'  •  _ 

.  .  And  this  happening  between  the  i4fi&'and  i^st^ofii^irf^iir/)  aiid 
thcki£k  Day  of  Seftmhr  and  the  fim.  of  O^^^r^*  kfoUows^  that 
opoiL  tfaefeDays  zt^DrndM  the  duration  of  Twjligtit  will  be  tlic  fixjort* 
eft,  ifriita  it  will  contiiu^  for  the^  ipnfi^M*  l:  b.  5:^.n»%  3%  i(^  only/  . 

Andbecaufethe  SibQjofxbe  Declination -^vi^.thcfliprtefi Twi- 
light hiappens,  is  to  the  T4ngent  of  the  half  Depreflion  in  a  conftant 
Ratio ;  that  i$>  as  the  Sine.of  the.  Latitude  of  the  Place  to  t|ie.Ra- 
dius,.  it  follows^  that  when  die  Latitude  vapi^es  thti  Declination  of 
she  Ardi  oLihortefl;. Twilight  ceaies^  and  (he  Sun  «;h€n  i^oyes  in  ^e 
Equator;  and  this  happens  u>  all  thcfe  People. who  dwejl  und^r  the 
Line/ when  the  Twilights  atail  times  and  ^ven  when  they  are  at  the 
greateft)  and  which  happens  at  the  times  of  the  Solftices^  are  quickly 
over,  becanfe  the  Sk^n  conftandydeicends  almoft  perpendicularly ;  ana 
CO  the  contrary,  the  grQa««r,tbe  PbUfluityof  the  Sphj?rc,;  that  iSt 
the  greater  the  LamcwQ.of  tli«  Pls^cfe  the  more  obUquoIydoes  the 
Siin  defcend,  iand.the4of)g<r  is  the  duration  of  TwUight^  till' when 
the  Latitude  of  the  Place 'becomes  equal  to  48  d^.  31  min*  the 
Twilight  upon  the  kMigeil  Pay  continues  from  Sun  Set  to  Sun  Rife, 

Nnnn  that 
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that  is  during  the  whole  Night ;  aod  tbisy  as  the  Latitude  of  the  Place 
incwafts,  incieafes  like  wife  iQ  Number  of  Days  hefiore  and  after  the 
loogcft  Day,  till  atiaft  when  tfaeLatimdf  becoQicsxqudl  to  9oDcb. 
1fa»  i^  irva.  &f aUel  ^ete  ih^  T wilifihtt  toft  foe  £wr;t)  Mcmhs ;  fo 
that  by  the  help  of  this  and  the  Re&^iSlioa  the  lobthitaQts  (if  any 
there  be>^w  the  BeotRx  of  the.  Sun's  I^igbt  for  almoft  all  the  Tear. 
This  Illumination  of  the  Heav'ns  after  the  Sim isSetand  before 
heRifes,  proceeds  from  the  Reftft^ce  thit  the  Solai:. -Rays  meet 
with  in  paffiog  thro'  thc^j^riko/fiiniy  by  which  Meaasdiey  are  ifarong-- 
-}y  teflefiied:back:uiKih^as,.  i^rdi :w  tQXtC^ivAth^  &ae£tof  his 

Light  for  fome  time  before  he  Rifes  and  after  he  Seta ;  atkd  as  this 
^nudd^e  Stare  between  Day  and  Ki^t  i£  of  a  lodger  or  fliorter  dara- 
tion^aacording  ta the  different  Heights  o£ the, Amiffbere,  it  follows^ 
that  in  ff^nter  time  when  the  Air  by  Cold  is  coodenied,  that  the  jir- 
Hm^bere  fe  tow,  «id^tha«he^^wligh»«e  feoaet^er ;  «Ad  ai  the 
•"contraryr^  ^^e  iSi^ww^time  when  the  Air  is  rarified  by  the  Heat  of 
the  «tei,  the  Tttmq^inre  is^bighcri  and  coofccnicmly  tte  Twilights 
kft  longer  5  fo  that  nft^an  Bwning  after  a  warm  D^  theji^afeof '  a 
longer  duration  that^  they  are  in  a  Morning^  and  after  a  Series  o£ 
iiot  Days  "tBan  after  %  'Se«c»  of -edtl  A^^eaihet  *  atid  this  is  *onc 
Realon  thac  with  us  ever  after  the  Summer  Solfiice^  when  the  Wea- 
ther has  been  fine,  that  a  Man^nuy  fee  to  Read  ahooft  at  Midnight. 
And  here  we  ke  one  great  Ufe^nd  Benefit  <tf  the  j^Moj^Am  that 
encbmp^th  the  Earth,  for  w^sit  not  foe  tins,  the  Sun  immedi* 
acely  before  his  Setting  and'^rfiwr, his  Riiingi  would  fliineasbrigbtas 
it  Noon,  and  theMotkiMc  that  he  is  defcended  below  the  HorboD 
at  his  Setting,  it  would  be  is  daA  as  at  Midnight,  as  it  woidd  con* 
thme  to  be  till  the  Moment  the  Sun  aiceods  in  the  Mon»g,  which 
^ddain  Change  from  the  ^eateft  Light  to  tbesgtiKttcft«Darknef$» 
'  x^uld  certainly  be  very  inconvenient  ta  Mankind :  vAnd  befides  *wc 
fiavethis  farther ^Benefiif  from  the  AMqfpiire,  thut  cmxi  urhifcrciie 
Sun  fhfnes  it  iHumiHiiees  the  whole  Fac^of  rite 'Heavens,  aodnokes 
tf  appear  bright ;  and  were  it  not  ^  this,  that  part  of  tiie  Hsarais 
only  would  appear  to  Ihine  in  which  efacSuo  is  ptaced,  and^Spec- 
tator  if  he  fliouhi  turn  his  Back  upon  the  San,  wo^inmedicMely  per* 
ceive  It  asJDark  ^  Night,  and^the  finalleft  St3M  would  be  ieen  to 
appear  as  they  do  nowinai  clear  Night,  (ince  there  would  bene  Snbi- 
ftance  to  Refled:  riie  Stiar^Rays  to  out'EyeSf  and  even  at  N^t  ont 
Attificial  Li^ts  would  be  but^f  litde  Servi^ tons* 

After 
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Afief  the  fame  manner  as  wtiin4  the  Tim«  of  the  B^inning  aod 
End  of:  Morning  and  Evening  Twflight,  we  may  find  the  true  Tiflu^ 
of  the  apparent  Rifmg  and  Setting  of  the  Sun,  and  the  Lengtb  oi 
the  apparent  Day  and  Nighty  fM^  tlie  Horizontal  Refm&ion  at  2>ir^ 
JaUf  Ming  }}  min.  oo  fee.  when  the  Sun -s  Center  r^Ily  torches.  th)$ 
fenfible  Hoiuon,  it  appears  by  means  of  the  RdEira&ion  at  the  Alti- 
tude of  3  3  min.  oo  fee.  and  confequently  when  his  Center  appears 
to  Set  it  is  really  tbeo  depreifed  j  3  min^  00  fee  below  the  Honzon. 
whence  it  comes  to  pais,  as  has  been  before  hinted,  that  the  Time 
of  the  true  Settingof  the  Sun  happens  before  the  Time  of  the  appa- 
rent Setting ;  and  confequently  that  the  Length  o(  the  apparent  Day 
is  longer  tfum  the  Length  of  the  Aftronomical  Day ;  aqd  on  the  con- 
trary, that  the  apparent  Rifing  prec^eds  the  true  Rifing,  and  caufes 
the  Length  d  the  apparent  Night  to  be  lefs  than  the  Length  of  die 
AftronomicaL    For  tho'  the  Sun  apparently  rifes  when  he  comes  to 
the  point  ®,  at  which  Time  the 
Arch-«®  df  the  Vertical  Circle 
Zr&Mj  is  33  min.  00  fee.  yet  he 
does  not  really  afcend  the  Horizon, 
ttt  he  arrives  at  the  point  c,  and  on 
the  contrary,  in  returning  ftom  m 
backagainy  tho^  he  really  Sets  wlien 
he  arrives  at  «>  yet  he  does  not  ap- 
poffoitly  Set  till  he  comes  to  0,  and 
CO  determine  the  Arch  of  the  Equa- 
tor 4/ r,  or  Difference  of  Time  be- 
tween the  real  and  apparent  Times 
cf  the  Rifing  and  Settingof  die  Sun, 
in  the  Otdique-angjed  Spherical  Triangle  2  P  ®  are  given  Z  P  the 
Complement  of  the  Latitude  of  the  Place  3S  deg.  28  min.  00  fee* 
P  0  the  diflance  of  the  Sun  from  the  North  Pole,  70  deg.  20  min. 
49%c;  f,  and  Z  0  the  diftance  of  the  Sun  from  the  Vertex,  at  the 
Time  of  the  Beginning  and  End  of  the  apparent  Day  po  deg.  3  3  min* 
00  fee  whence^  the  help  of  the  i  uh  Cafe  of  Oilique-Mgkd  Sfht- 
rkai  Tfiiuighs^  and  according  to  the  ft)rmcr  Method  of  Calculation, 
the  Angle  ©  P  £,  the  Time  of  the  apparent  Rifing  of  the  Sun,  wfll 
be  fetmd  to  ht6%  deg.  14  min.  ^6  fee.  equal  in  Time  to  4  h.  08  m. 
y8  f.  f,  whence  the  length  of  the  apparent  Night  will  be  8  h.  17 
miD^  57  fee-  Md  the  Angle  ZP9  the  Time  pf  the  apparent  Setting, 
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win  be  i  1 7  de'g.  4$  min.  24  fec«  eiqasd  in  Time  to  7  h.  5 1  ni.  ox  C  |, 
M^ence  the  Length  of  the  apparent  Day  will  be  ijh.  41m.  ogf.  and 
by  comparing :  thcfewith  the  true  Times  of  the  Rifing,  Settings  &c. 
ahready  determia^^'  we  £haU  ficd  i  tbar  i^on  ihe  Account  -of  the 
Refraftion^  the  Arch  of  the.  Eqoator  d  r,  of  Difference  of  Time 
between  the  true  and  apparent  Rifing  and  SettingJs  i  deg.  2  min. 
39  fee.  equal  in  Time  to  4  min.  10  fee.  ?,  and  confequently  the  Sun 
apparently  Rtfesiooner  than  the  tru^  Time  by  4JQin.  xofec.  f,  and 
Sets  apparently  ;fo  much  later^'  whence  the  appacsnt  DayJs  longec 
in  this  Cafe  than  the  Real  or  Agronomical  Day,  by  8  siin.  ai  fee. 
and  confequently  the  apparent  Night  is  fo  much  fhorter  than  the 
trcre  Night 

As  this  Refraftion  occaflons  an  Error  in  the  Time  of  the  Sun*$ 
Rifing  and  Settings  fo  it  likevrife  viciates  the  Amplitude^  for.  the' 
the  Sun  roally  Rifes  and  Sets  at  the  Diftancc  T  e^  (ton  the  EaA  or 
Weft  points  of  the  Horizon,  yet  he  apparently  Rifes  and  Sets  at  the 
Diftance  of  T  ^  from  the  fame  points  •  and  to  find  the  Arch  of- Dif- 
ference acy  in  th<LOblique-angled  Spherical  Tnaogle- 2  P  ®,  from, 
the  fame  Data,  and  by  the  help  of  the  iuh:Gak  oi  OhUque-^tu^d 
Sfheric^tTriangks,  the  Angfc  P ZcSotArcbaQi  viU  berf<>und  tO: 
be  55dqg;  zymin/btf  fee.  whence  the  apparent  Amplitude  Taw'M 
be  J 3  d^g*  3?  ^^n*  54^^^'  getter  than  the  true  Amplitude  befocc 
found-  32  deg.  43  min.  43  fee.  by  49  min.  11  fee*  and  die-iame  Law 
is  to  obferved  in|  fihding  tl)e  apparent  Amplitude^  time  of  l^hc  Ri* 
iing  and  Settingif  &c.,  of  any  of  the  Fixed  Stars  and  Planets^  regard 
being-had xbthej  dii&rcilt  horizontal  Parallaxes,  in  diffettnr  PUces 
and  at  different  primes.  ' 

And  inafmuch  as  in  the  fmall  Triangle  ®  a  b^  the  Arch  ®  ^  tfie 
Hypothenufe  of  the^rjapgle,^  a.^>  or  Difference  of  thePedinatJoo 
of  the  Sun  at  the  Time  siveh^  a^^  at  t)iat  Xifie  y^hen  his  nA  Se- 
midiurnal Arch  is  equal  to  the-Bepi^ajpgareot  Arch>  at  this  Time  is 
nearly  equal,  to  the  Arch  Saofthe  fame  Triangle  ©/i^,^ equal  t^ltie 
the  horizontal  Parallax  or  Depref&on  of  the  Sun- at  the  Time  of  the 
apparent  Rifing  and  Setting  of  the  Sun  ;^  if  to  tlie  prefeni  Dsciluti- 
on  ip  deg.  39  min.  10  fee  l^be  added  4iie  horizsodtal  ParaiUtx  33 
min.  00  lee.  the  Sum  xo  deg.  12  min.  i6  fee.  'Ncprtb^  wiJil  be  the 
Declination  of  the  Sun  nearly,  when  the  "ti^^t.  ^hisFea^Ri&g 
aind  Setting,  and  the  length  of. the  real  Day  and  Night,  witlbe&eaF- 
ly  the  fame  with  the  Tiniie  of  the  apparent  Rifing  and  Setting,  &c. 

la 
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in  t\»  prcfent  C»/r  as  the  Read^  will  fee,  if  he  will  beat  the  Pains 
to  make,  the  Calcuiatian  i  wherefore,  to  find  the  Time  nearly  of  the  . 
apparei^  Kiting  arid  Settings  dTc.  of  the  Sun  and  his  Amplitude,  to- 
the  :Declination  of  the  Sun  (if  the  Declination  of  the  Sun  and  LacL-. 
lude  of  the  Place  are  both  North,  or  both  South)  add  the  horizon-  ' 
tal  Refradion  y  but  if  the  Latitude  of  the  Place  and  Declination  of  the 
Sun  arc  contrary,  thatis,  one  North  and  the  other  South,  from  the . 
Declination  of  theSun-fubftraft  the  horizontal  Rcfraftion,  and  the 
Sum  oB  Difference  according  as  the  Cafe  is,  will  be  the  apparent  De- 
clination of  the  Sun  at  the  Time  ot  his  apparent  Rifing  and  Setting : 
whence  and  by  the  help  of  the  Latitude  of  the  Place,  may  the  ap« 
parent  Amplitude  and  apparent  time  of  the  Rifing,  Setting,  ejTc  be  . 
Calculated,  after  the  fame  manner  as  the  true  Time  of  the  Kifing  and 
Settii^  is  in  the  fornier  Example. 

An4finafmuch  as  the  Refradion  obtains  at  all  Times  and  in  all; 
Places,,  it  ought  to  be  allowed  for  in  all  Computations,  and  more  . 
efpecially  in  fuch  Places  as  lie  pretty  tar  from  the  Equator,  and  at .. 
fuch  Times  as  the  Declination  is  large. 

In  the  former  Inveftigation,  the  Declination  of  the  Sun  has  been  . 
fuppofcd  ^o  be  the  fame  at  the  time  of  the  Rifing  and  Setting,  as  it 
was  at  Noon;  this  tho'  it  may  ferve  well  enough  for  ordinary  and  . 
common  Ufcs,  yet  in  Calculations,  where  greater  degrees  of  Exaft- 
ncfs  ate  required,  fuch  as  finding  the  Hour  of  the  Day  and  Night, 
fromthe-obferved  Altitudes  of  the  Sun  and  Fixed  Stars,  the  pre- 
diaion  of  Solar  and  Lunar  EdipfcSf  and  the  Appulfes  or  Occulta- 
tion  <rf  the  Moon  to  the  Fixed  Stars,  &c.  it  is  ncceflary  to  know 
the  true  Dedication  of  the  Sun  at  the  time  when  fuch  Appearance  is 
found  to  happen :  For  fincc  about  the  Equinoxes,  the  Sun's  Dech'- 
nation  alters  about  one  Minute  in  an  Hour,  every  one  who  is  but . 
meanly  AillU  in  thpfe  Things,  muft. readily  allow,  that  if  the  Al- . 
tiudeof  the  Sua  was; taken  at  Four  in  the  Afternoon  or.Eight  in  the^ 
Morning,  in  oriler  to  pronounce  the  true  Time  oi  the  Day,  that  an 
Enor  of  Four  Minutes  in  the  Declination,  which  .will  neccflarily^ 
happen  if  the  Meridional  Or  Tabular  Declination  be  made  Ufe  of, 
wffl  caufe  a  confiderable  Error  in  the  Hour  deduced  by  Calcula- 
tion ,•  and  that  if  the  Altitude  of  a  Star  were  taken  about  Midnight, 
to  determine  the  Time  of  the  Night,  that  an  Error  ot  two  Mi- 
nutes in  the  Sun's  Right  Afcenfion,  will  caufe  an  Error  of  twQ 
Klinutes  in  the  Time  j  and  therefore  Aftrommers  in  all  Computati- 

ons. 
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ans^  Calculate  the  Place  of  the  Sun,  and  thence  his  JDeclioMion 
and  Right  AfcenfioQ  as  near  to  the  Time  as  poi&ble>  or  if  good 
Tables  be  ready  Calculated,  the  fame  may  be  had  by  making  {wo- 
porcionable  Allowances,  as  Iball  be  fiiewn  at  the  End  ofthe  Tables 
of  the  Sun's  Place,  &c. 

At  04  h.  13  m.  Off-  the  time  of  the  Sun  s  Rifing,  by  the  focmer 
Calculation,  the  Sun  is  in  a^deg*  i5min.  10  fee.  oi  Taurus^  at 
which  time  his  Declination  will  be  found  by  Calculation  to  be'  15^ 
deg.  34  min.  54  fee.  whence^his  A  fcenfional  Difference  will  be  found 
to  be  2tf  dcg.  35  min.  55  fee.  equal  in  Time  to  i  h.  46  m*  23  f.  f, 
and  confcquentiy  the  true  time  of  the  true  Rifing  of  the  Center  of 
die  Sun  at  4  h.  13  m.  jdf.  f,  later  than  by  the  former  Computatioii 

27  ice.  f . 

Again  at  7  h.  itf  m.  5 1  f-  the  time  of  the  Sun's  Setting,  the  Sua 
was  in  27deg.  52  min.  34  fee.  ofT^t^rwi,  hence  his  Declinatioii 
will  be  found  to  be  19  deg.  43  min,  22  fee.  his  Afcenfional  IXfierencc 
36  deg.  49  min.  3  3  fee.  equal  in  Time  to  i  h*  47  min.  18  fee  ^ ;  and 
confcquentiy  the  true  time  of  the  Setting  will  be  at  7  h-^47  m.  18  IT  4, 
later  than  by  the  former  Calculatim  ^^  fee  -f,  whence  the  Length 
of  the  Day  will  be  15  h.  33  m.  41  f.  i;  and  the  nearo:  the  Time 
happens  to  the  Equinoxes  the  greater  is  the  Error,  and  the  nearer 
the  Solfiice  the  lefs  will  be  the  Error. 

It  has  been  (hewn  that  by  Reafon  of  the  horizontal  Refta^tion  of 
the  Atmofpherey  that  the  Sun  at  this  time  appears  4  m.  10  f.  f  feooer, 
and  continues  vifible  ^mio  f.i longer  in  the  Evening  than  hcwooid 
otherwife  do  were  it  not  for  this  Reftaftion,  and  confeqttcntly  in 
this  Ci^e  the  Center  of  the  Sun  apparently  Rifes  at  4  h.  09  m.  \&C 
and  Sets  apparendy  at  7h.  51m.  28  f.  rf,  after  it  has  cooci] 
vi(ible  above  the  Horizon  1 5  h.  4a  m-  02  f.  rr. 

The  Stm^s  mean  horizontal  Semidiameter  is  itf  m.  tf  d  for  a 
Seconds  in  this  C(^e  amount  to  nothing,  and  confequendy  when  de 
Sun's  Center  is  really  depreffed  16  m.  06  (.  below  the  Horizoa,  or 
by  Reafon  of  the  Refra&ton  when  it  is  depreiTed  49  m.  06  this  np^ 
per  Limb  begins  to  appear  in  the  Morning,  wherefore  in  the  %>ae- 
rical  Triangle  Z  P0  iSitthe  Figure  in  P/^e  20^ tk)  are  gifto,  Zp 
equal  to  38  deg.  28  min.  00  fee.  P  ®  equal  in  this  Cafe  to  70  6itg^ 
2$  min.  otf  fcc«  and  Z  ®  equal  to  90  deg.  49  min*  06  fee-  whence 
the  Angle  ®P0  or  true  time  when  the  upper  Limb  ^cmds  the 
Horizon,  or  the  Sun  firft  begins  to  appear,  is  6t  deg.  49  mia,  ij  fee 
equal  in  Time  to  4  h.  07  m-  i7f.  la 
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Ifi  l&e  mtimer ,  when  the  Suh's  Cemer  is  deprefled  49  m.  o5  L  be- 
loiiir  tbe  weftem  Edge  of  the  Horizon,,  the  upper  Limb  of  the  Sofi 
ddcendsy  ud  the  Sun  totally  diiappetrs,  fo  that  in  the  fame  Triangle 
Z  i'  '<S>  we  hive  given,  Z  P  cqujal  to  38  deg*  38  min^  00  fee.  Z  @  e- 
qual  to  ^deg.  49min.  06  fee.  as  before,  tndP  ®  (in  this  C^/i) 
70  dqg.  ]:Anin.  3  S  fee  whence  the  Angle  ZP&  or  the  true  time  when 
the  upper  Limb  apparently  fet$,or  the  Sun  begins  totally  todiiappeac 
will  be  I  r8;deg.  24  min.  «8  fco  equal  in  Time  to  jh.  jj  m.^7  f.  J 
after  it  has  continued  vifible  abotre  the  Horizon  for  the  fpace  of  x  lit* 
4tf  m.^of.  f  lodger  than  by  the  common  Computation  x  2  m.  38  f.  !• . 
Afterdiefame  manner  it  may  beirand  when  the  Skm's  lower  Limb 
Rifes  and  Sets,  and  conlequently  how  long  tfaeS»n*s  whole  &>dy 
continues  vifible  above  thcL  Horizon.  , 

Andby  adding  00  or  fubftra^g  from  the  Sun's  ptefeat  Decli- 
nation, the  Sum  or  Diflference  of  the  horizcmtal  Refta^on  and  tne 
Sun's  Mean  Semi-diameter,  according  as  the  Dedinatioa  i%  Kortih 
or  South ;  after  the  fame  manner  taught  in  Pagt  the  284,  385,  may 
the  Declination  of  the  Sun  be  founds  whence  the  true  time  of  his 
central  Rifing  and  Setting,  will  give  the  apparent  time  of  the.  Rifing 
dr  Setting  of  his  upper  or  lower  Limb. 

An  ex^  ift/^/Wof  this  Problem  is  of  greater  life  than  appears  ae 
firft  %bt,  and  'tis  for  tbisReafon  that  I  have  been  fotvery  particular 
and  exaft  in  gmng  the  true  time  of  the  apparent  Rifing  ami  Setting 
of  the  upper  oflowerLimb,  for  as  an  exaft  Knowledge  of  the  true 
time  of  the  Day  is  not  only  of  great  Ufe  in  all  Aflnmomical  Ob«- 
fetvations,  but  is  the  principal  Thing  wanting  at  prefent  to  render 
tbe  fevcral  Methodic  hitherto  propofed  by  Aflrcnomers^  for  finding  tbe. 
Lortgitude-ai;  Sea  prafticable ;  and  as  an  ObTervation  ot  this  Ajp- 
peatance^  i^qttices  no  Aitronomical  Xnftrument,  but  only  a  careful 
aod  diligmt  lodking  out  and  watcbidg  tiie  Time  when  the  Sun  firft 
begins  ^appear  and  todifappear,  and  which  any  Body  is  capable 
of  doing ;  and  as  thefame  nuy  be  done  by  every  FixcdScar,  there 
can  ibaree  happen  any  great  fpace  of  Time,  but  the  careful  and  dili^ 
gent  ACtr^fa^may  have  an  Opportunity  of  comparing  his  flPtecfr  with 
the  true  time»  and- difcovering  the  Error,  if  any  there  be,  jmdhow 
miicii  It 'w 

Aad  beeaufe  in  the  Inveiligation  of  the  time  of  the  Rifing  and 
Settiof^of  tiieSunorStars^  there  is  nothing  requifite  but  the  Lati^ 
tadcw  the  Place  and  the  Declination  of  the  Sun ;  and  inafoinch  as 

the 
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the  Declination  of  the  Sun  may  be  determined  to  the  greateft  ckgree 

of  Exaftnefs  imaginable,  and  that  an  Error  of  Five  Minutes  in  the 

-Latitude  will  fcarce  make  an  Error  of  TWenty  Seconds  in  the  Time, 

there  is  no  Way  more  fure  and  certain  than  this,  as  I  knov  of,  that 

xcan^bepntin  PrafticcatSca.   '  •         .      : 

And  even  upon  the  Shore  when  Perfons  are  not  fiirnilhed  with  pro- 
'  per  Inlhraments,  this  Method  of  difcovering  the  true  time  of  the 
pay  in  proper  Places  and  at  proper  Times,  may  be  very  ufefiil  and 
ferviccablc  to  them  if  due  Care  be  taken. 

■  To  ground  the  Learner  well  in  the  FroJeHion  eftbe  Sphere  .and  this 

^'vcry  ufcful  part  of  Science^  I  have  given  the  Stereoffn^hic  SehtHon  of 

Vthis  Prsilemj  and  the  jji  Cafe  ot  the  sfi  Problem  upon  the  Planes  of 

the  feveral  Great  Circles,  whence  the  Inteligent  Reader  will  readily 

-perceive  why  jiftronomers  have  <;hofen  the  Plane  of  the  Meridian,  for 

:  the  Solution  of  the  ufual  ProUemi  arifing  from  the  diurnal  Motion  of 

.  the  Sim,  it  being  mnch  more  natural  and  eafy  for  the  Purpjt^e.;  and 

therefore  in  the  Solution  of  die  following  Problems,  I  ihall  confine 

my  Self  to  the  Plane  of  the  Meridian  only,  not  doubting  but  the 

skilful  Reader  will  cafily  fupply  the  reft  hipifelh 

This  C^yjf  is  doubtful,  as  is  manifcft  from  the  Sftb  Cr^e  ofRigh- 
angled  Spherical  Trimglesy  and  from  the  Conftiruifion  it  felf  upon  the  fe* 
veral  Planes,  bat  inafmuch  as  the  Sides  and  Angles  of  the.  great 
Triangle,  are  only  the  Supplements  of  tiic  Sides  and  Angles  of  the 
lefl'er  Triangle,  the  fame  Anfwers  are  produced  by  counting  from  the 
oppofite  points  of  the  Equator  and  Horizon ;  thus  (in  Fig.  the  ifi)  if 
T  reprefents  the  Eaft  point  of  the  Horizon,  as  T  ©  3a.43.42  1^  re- 
prefents  the  Amplitude  in  the  Morning,  reckoned  from  the  Eaft  to- 
wards the  North,  fo  ic^Supplemait  147. 16. 11  J,  or  the  Hypothec 
nufe  Y^  0  of  the  great  Triangle  reckoned  from  the  fanoe  Eaft  point 
towards  the  North,  gives  Nr  57*i(J.ii  f  Wcfterly,  (ot  the  Co-Am- 
plitude at  the  Setting ;  ih  like  manner  as  th^  Bafeor  Side  YR  t6^z. 
43  equal  to  i  h.  45  m  5 1  f.  (hews  how  long  the  Sun  Rifes  before 
the  Hour  of  Six  in  the  Morning,  fo  its  Supplement  of  the  great 
Bafeor  Side  i^/i=i53^  if  17''  equal  to  loh^  ijm;  69  C  reckoned 
backward  from  the  Six  a  Clock  Hour  Circle,  will  give  4iu  13  m. 
09  f.  for  the  Setting  of  the  Sun  before  Midni^t,  or  7  h.  46  m.  5 1  f. 
afrer  Mid^day  or  Nojni,  as  before  fotind  ;  aim  the  fame  will  happen 
when  the  Declinatian  of  the  Sun  and  Lankude  of  the  Place  are  of  a 
contrary  Detemmation. 

Proh 
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.  Givcpthe  Sun*s  Amplitude  and  prefent  Declination  i  to  find  the 
Latitude  of  the  Place,  Afccnfional  Difierencc,  time  of  the  Sun's 
Rifing,  Setting,  &c.  . 

Example 

The  Sun  having  ipdcg.  39  min.  10  fee.  f  of  North  Declination; 
and  the  Amplitude  being  found  to  be  3  2  deg.  43  min.  43  fee.  I 
Northerly,  in  the  Morning.  I  demand  the  Latitude  of  the  Place 
of  OMervacton,   time  of  the  Sun's  Rifing,  &c. ' 

The  Stereographic  Solution  upon  the  Plane  of  the  Meridian. 

I.  Having  drawn  the  Meridian 
ZONHy  the  Horizon  HO,  and 
at  Righc-anglcs  to  it  the  Prime 
Vertical  Z  TiV,  fet  off  the  Semi- 
tangent  of  the  Amplitude  52  deg 
4g  min.  4a  fee.  fin  the  Horizon 
from  the  Eaft  point  T  to  -^'j  in  the 
NorthenScmircircle  ZON,  this 
vrill  give  the  Place  of  the  Sun. 

a.  About  the  Point  O  as  a  Pole, 

defcribe  the  Small  Circle  mPn 

-at  the  diftance  of  70  deg.  20  min 

'  35?  fee.  i>  the  Complement  of  the 

Sur/s  fieclination  or  his  diftance 

from  the  Pole  (by  Cafe  the  jrf  of  Problem  the  ^th^  of  SeEiion  the  %d) 
where  this  interfe&s  the  Miridian  as  in  P^  it  will  give  the  Place  of 
*hc  North  Pole. 

3 .  Thro"  the  Point  P  draw  the  Axis  P  T  S^  and  at  Right-angles 
tie  it  the  Equator  Ar  Q. 

4.  Thro'  the  Poles  P  and  S  and  the  Point  ®,  draw  the  Hour- 
-Circle  P  ®  5,  and  the  thing  is  done ;  and  T  R  the  Afccnfional  Dif- 
ference, may  be ineafured  (by  Cafe  the  a^^.of  Problem  the  ^th^  qi 
S^SiiM  the  2d,)  and  the  Angle  ©  r  i{  or  thc.Aich  0  Q>  9im  Copj- 

Oooo  plc^ 
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plcmcnt  0  P  the  Latitude  of  the  Place,  may  be  meafurcd  by  the 

Line  of  Chords* 

And  to  determine  their  Quantities  by  Calculation, 
In  the  Spherical  Triangle  TR®  Right-angled  at  R,  are  given, 
T  0  the  Amplitude,  and  S?  R  the  prefent  Declination,  whence  to 
find  firft  the  An^le  &  ^^  R  the  Complement  ot  the  Latitude,  it  will 
be  bv  the  13?*  Cafe  of  Right-angled  SpherscalTriafigleSy 

As  dieS.-^®  :S.  <^  Ri  :R:S.<®  Y  Ri  that  is. 
As  the  Sine  of  the  Amplitude  32.43-421 j^.7329240 

To  the  Sine  of  the  Declination  ij>. 39.10!-^ = 9-5  2^75  ?7 

So  is  the  Radius ^ : —  loooooooo 

To  the  Co-fine  of  the  Latitude  5 1*3  2-—^ 9191^1 1? 

«  _ 

Which  is  North,  if  the  SunRifcs  before,  or  Sets  after  the  Hour  of  Six. 
-2.  To  find  the  Afcenfional  Diflerence  T  R^  it  will  be  (by  C/j/e 
the  14/A)  of  Right-an'-^led  Spherical  triangles* 

Asthecs,  eiitcs,  r  ®i  iR  :cs,  r/J;  that  is, 

As  the  Co-fine  of  theDecJination  19.39.10I 9P739J4^ 

To  the  Co-fine  of  the  Amplitude  32.43.42I  ^^  p.^249204 

So  is  the  Radius -* ^    ■  10.0000000 


To  the  Co-fine  of  the  Afcenfional  Differ.  2d.42.43  —9.9509862 

Which  Afcenfional  Difference  converted  into  Time,  and  fubftraded 

from  fix  Hours,  according  to  the  Diredion  given  in  the  former  Ca]e^ 

will  give  4  h.  13  m.  09 IL  for  the  time  of  the  Sun's  Rifing  or  Hour 

of  the  Day,  if  the  Latitude  and  Declination  are  both  the  fame  way^ 

but,  &c. 

The  Variation  of  the  Compafs  being  blown,  this  Problem  is  of  Ufe 

in  finding  the  Latitude  of  the  Place  ana  the  Hour  of  the  Day,  at  the 

tinie  of  the  Obfetvatibn. 

Cafe   3.  ^ 

Given  the  Latitude  of  the  Place  and  Amplftude  of  the  Sun,  re- 
quired the  prefent  Declination^  Afcenfional  Diffcrencei  dmeofRi* 
fipiS»  ^i  Seaing,  &c.  £x- 
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Example 

^  In  •  the  Latitude  of  J I  deg.  32  min.  North,  the  Amplitude  at  Set- 
ting  beuig  (qand  to  be  31  deg  43  min.  42  fee.  I  W.cft :  I  demand 
the  prefcnt  Declination,  Afcenfional  Dificrencc,  time  of  Setting,  &€. 

Anfuier. 
The  prcfent  Declination  is  19  deg.    39  min.  10  fee.  f ,  the  Af- 
cenfional  Difference  ad  deg.  4a  min.  43  iec.  the  Time  of  Setting 
7  n.  4tf  m*   ji  I.  ^^ 

Given  the  Latitude  of  the  Place,  and  the  time  of  the  Sun's  Rifine 
or  Setting,  to  gnd  the  Amplitude  and  pccfent  Dediaatioa 

Example. 
In  the  Latitude  of  ji  deg.  3  z  min.  North,  the  Sun  was  obfcrved 
SeSiSaUoJ.     '^°'*  °^  "^""'"^  Ws  Amplitude ' and  prrfeS 

The  Amplitude  is  Eaft  3  a  deg.  43  min.  412  fee.  I  North,  and  the 
prefent  De<4mation  ip  deg.  39  min.  w  feci  North. 

Cfli^  J. 

Given  the  time  of  the  Sun's  Rifing  or  Setting,  and  prefenrDcdi- 
tion,  to  find  the  Latitude  of  the  Place,  Amplitude, Vr/ 


nation 


Example. 


c  '^l?l^"?if7'°^  ?^ ^^'M^^'  »o  fee.  I  North  Declination   IS 
found  by  Obfcnration  to  Rife  at  4  h.  1 1  m.   20  f    i  HemVnT*i.! 

Latinide  of .  the  Place  and  how  Far  he  Lfes  ?J  [fae  No  S ward  of 
the  Eaft  point  ^f  the  Horizon.  ....     """^'^  <>« 

Aifvier. 

The  Latitude  of  the  Place  is  j  i  deg.  3a  min.  North  and  the  ^  « 
plitude  1 »  deg.  43  min.  4a  fee.  I  Eaft  Northward  "' 


ipt  'jftroHomlcal  frohUms^    . 

'    Cttff  e. 

Givetl  the  Amplitude  and  the  time  of  the  Son's  RKtng  or  Setdiig> 
td  find  tdic  Latitude  of  the  Place  and  ptefent  DecHnation. 

Example. 

I  demand  the  Latitude  of  the  Place  and  Declination  of  the  Sun/ 
'  when  he  is  fouod  to  Rife  at  4  deg.  15  <nin,  09  fee  and  32  dc^.  43, 
join.  4a  fee.  I  to  the  Northward  of  the  Eaft  pqint  of  the  Horiaoft.. 

Anjwer. 

The  Latitude  is  5 1  deg.  3  a  ftiin.  Korth,  and  the  Declination  is- 
i^  deg.  19  min.  xo  fee.  I  North. 

Given  the  Latitude  of  Place  and  Angle  formed  by  the  MeridiaD, 
paflSng  thro'  the  Sun  and  Horizon,  to  hnd  the  prefent  Declination, 
Amplitude,  and  time  of  the  Sun  s  Rifing,  Setting,  &c. 

ExampU^ 

In  the  Latitude  of  y  I  deg.  3  a  win.  North,  the  Angle  f<«med  by 
die  Horizon  and  f  r^er  Meridian  bciijg  yd  deg.  1^4  min,  3  y  fee.    I . 
demand  the  prefoit  Declination,  Amplitude,  time  of  Rifing^  ire. 

Anfwr. 

The  prefent  Declination  is  19  deg.  3^  min.  19  fee.  I,  the  Ampli-- 
.  de  3  a  deg.  43  min.  4a  fee.  I,  and  the  time  of  the  Sun's  Riling 
^h*  X3  m.  09  f.  if  the  Declination  be  Northerly,  bnt  If  Southerly, 

at  7  h.  4<y  m.  y  I  f.  for  the  Data  in  the  Queftion  is  not  fufficient  to 

limit  the  Problem  in  that  Cafe. 

Cafe  %: 

Given  the  prefent  Dedinatipn,  and  Angle' formed  by  tiie  Hor/son  : 
and  proper  Meridian,  to  find  the  Anaplitude,  Latitude  of  the  Place, '. 
and  time  of  the  Sun's  Rifing  and  Setting, 

Example. 

The  Dfcdination  of  the  Sun  being  ip  dig.  3^9  min,  zo  (ec.  \ 
North^.  and  the  Anglcfbrmed  by  the  Horizdnand  proper  Meridian 

being 
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be*Ag$6dtg,  r4ima.  JS  fee.  I  demand  the  Latitude,  Amplitude^ . 

time  of  Biwig>  &.L 

Attfwer. 

The   Amplitade  is  jadcg.  4311110.  4a  feci,    the  Latlwde : 
<i  dec   34  min.  and  the  time  of  the  Sun's  Rifing  4  deg.  15  m. 
og  f  If  the  Latitude  be  North,  but  7  h.  46  m,  5 1  f;  if  the  Place 
b&  m.  South  Latitude,  for  the  Data  in  the  Problm  is  not  fufficient 

to  detiennine  it. 

Cafe  9.- 

Given  the  Amplitude  and  Angle  which  the  Horizon  form*  with 
the  proper  Meridian,  to  find  the  Latitude  of  the  Place,  the  Deck- 
nation  of  the  Sun,,  and  time  of  his  RiGng  and  Setting. 

I  demand  the  Latitude  of  the  Place,  prcfcnt  Declination,  and 
time  of  the  Sun's  Rifing,  his  Amplitude  being  32  deg.  43  m^o-  4» 
S.  i  North,  and  the  Angle  which  the  Honzon  forms  wtth  the  pror 
pccl»leridian  jtfdcg.  14  min.  3  5  fee. 

Anfojtr. 

The  Declination  is  ip  deg.  39  «?«..»?  ^^l*  **^*"'^t;f  1'/ 
dec  ^  min.  the  time  of  the  Sun's  Rifing  4h.  13  m.  09  f.  if  the 
Ptaie  ofObfcrvationbe  in  North  Latitude,  but  7  h.  4f  m-  5t  f- 
irthe  Place  be  in  Southern  Latitude,  for  the  Queftion  is  not-m  that 

fufficiently  determined.  ■ 

Ctije  10.  •. 

6iven  the  time  of  the  Suit's  Rifing  and  ^f^^l^^f'^l^^^Z ' 
med  by  the  Horizon  and  the  proper  Meridian,  to  find  the  Utitude .. 
2  the  Place,  prcfcnt  Declination,  and  AmpUtude. 

Example. 
1  aemand  the  Latitude  of  the  Place^  I>«Jnation  of  rt,e  ^n   and  1 
his  Amplitude,  he  being  found  to  rife  at  4h.  13  ni.  09/.  and  the.. 
5^Smcd  by  the  Horizon  and  proper  Meridian  beuig  j(J  deg. - 

,4  min.  35  fee  ^^^^, 

The  Amplitude  is  3»d«g-  43  mi"-  4<»f<c-  ?»"  *c  Declination  • 
si^%  trmii  "feci,  and  the  Latitude  J, deg.  3a«un.  and  . 
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are  all  the  fame  Way  ;  that  is,  all  North  or  all  South,  becaufc  the 
Sun  Rifes  before  Six,  but  there  is  not  fufEcient  Data  in  the  Problem 
to  determine  which. 

This  Cafe  is  Ambiguous,  as  appears  by  the  id  Example  or  the  ^tb 
Cafe  of  Right-angled  Spherical  Triangles^  but  as  the  Sides  and  Angles 
required  in  the  great  Triangle  are  only  the  Supplements  of  the  Sides 
and  Angles  of  the  fmall  Triangle,  they  give  the  fame  Anfivers,  being 
counted  fr#m*the  oppofitc  points  of  the  Equator  and  Horizon. 

Piob.    III. 

Cafe  1. 

The  Latitude  of  the  Place,  and  the  Declination  of  the  Sun  being 
given,  to  find  his  Height  and  Azimuth  at  the  Hogr  of  Six. 

Example* 

In  the  Latitude  of  5 1  deg.  3 1  min.  North,  the  Sun  having  rp  deg. 
39  min.  10  fee.  4  North  Declination.  I  demand  his  Heighth  and 
Azimuth  at  the  Hour  of  the  Six.  /.  ,    .^   .. 

Tie  Stereographic  Solutm  upon  the  Plane  of  the  Meridian. 

I.  Having  drawn  the  Meridian 
ZONHy  the  Horizon  HO,  and  at 
Right-angles  to  it  the  Prime  Veni' 
cal  ZTN. 

3.  Set  oflf  the  Latitude  .;i  deg. 
32  min.  from  O  to  P,  and  draw  the 
Six  a  ClockHour  Circle  Pr5,and  at 
Right-angles  to  it  the  Equator  ^jg,. 

3.  Set  off  the  Half-ungent  of  die 
Sun's  Declination  ipdeg.  39  min. 
lo  fee.  /,  in  the  Six  a  Clock  Hour 
Circle  from  T  to  ®,  then  will  ®  r«- 
prefcnt  the  Place  of  the  Sun,  thro*  which  and  the  Zenith  and  Nadir, 
if  the  Vertical  Circle  Z  ®  /{ A^  be  drawn  the  thing  is  done ;  and 
R  O  the  Sun's  Azimuth  from  the  Meridian   may  be  meafurcd  by 
Cafe  the  id  of  Problem  the  7th,  o(  Seltion  the  li,  and  ®R  the  Alti- 
tude may  be  meafured  by  Cafe  the  zd  of  the  fame  Problem^ 

And 
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And  to  determine  the  Lengths  by  Calculation, 
In  the  Spherical  Triangle  r  <?•  /?,  Right-angled  at  R  ire  given, 
the  Hypothenufe  T  ©  the  Sun's  Declination,  and  the  Angle  (S>  T  R 
equal  to  the  Arch  O  P,  equal  to  the  Latitude,  whence  to  find 

1.  The  Altitude  at  the  Hour  of  Six,  it  will  be  by  the  idExamtle 
of  the  ^th  Cafe  of  Right-angled  Sfherkal  TrimgUs^ 

As^:S.  ©  r  ^ :  :  S.  r  ©  :S.  ® iJ.^  thatis. 
As  the  Radius      ■  ■  -..— . lo.ooooooo 

To  tbeSine  of  the  Latitude  of  y  1.32  —.  9-^93745^ 

So  is  the  Sine  of  the  Declination  19.39.10  I 9-5^^75  57 

To  the  S.of  the  Sun's  Height  at  the  Hour  of  Six  i  j.i(J.4  9  4205009 

I 

Which  is  the  fame  both  Morning  and  Afternoon. 
a.  To  find  the  Azimuth,  it  will  be  by  the  id  Example  ot  the  ^ih 
Cafe  of  Right-angled  Spherical  Triangles. 

As  the  ii  :  c  s,  ©  r  A  : :  t,  ©  r  :  t,  r  il ;  that  is. 
As  the  Radius  ,  lo.oQOoooa- 

To  the  Co-fine  of  the  Latitude  51.32 '^  --' 9-79383 17 

So  is  the  Tangent  of  the  Declination  1^39.10  f—— 9.5528217 

To  the  Co- tangent  of  the  Azimuth  from  the>  9.345^5  34 

Meridian  77deg.   28  min.  29  fee  I, — J  — 

And  which  muft  always  be  coi  nted  from  the  vifible  Pole,  thdt 
is,  if  the  Place  be  in  North  Latitude  it  muft  be  reckoned  from  the 
North,  but  if  the  Place  be  in  South  Latitude  it  muft  be  counted 
from  the  South ;  and  confequently  in  the  prefentC^/^  if  it  be  in  the 
Morning,  the  Azimuth  is  North  77  deg.  28  min.  29  fee.  | ;  Eaft, 
hut  if  it  be  in  the  Afternoon  it  is  North  77  dcg.  28  min.  29  kc.l 
Weft,  or  in"  the  Nautical  Pbrafe  the  Sun  bears  Eaft  by  North  ncarfy 
at  Six  in  the  Mornir^g,  but  Weft  by  North  nearly  at  Six  in  the  Even- 
ing. 

Hence  the  Hour  being  given,  the  Variation  of  the  Cowpafs  is  eafl- 
ly  found,  or  the  Variation  of  the  Compafs  being  known  the  Hour  is 
cafily  had,  or  the  Altitude  being  carefully  taken,  the  Hour  and  Va- 
riation of  the  Compafj  Is  difcovered* 

Ami. 
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And  bccaufc  iivthe  fame  Place  the  Latitude  remaining  the  fjmc, 
^  the  Altitude  andAzimuth  depend  upon  the  Sun's  Declination,  and  ^rc 
ever  proportional  to  it,  it  follows,  that  the  greater  the  Declination 
the  greater  the  Altitude,  and  the  lefs  the  Azimuth ;  and  on  the  con- 
trary, the  lelfer  the  Declination  the  Icffer  theAltitude,  and  the  greater 
^  the  Azimuth ;  till  at  laft  the  Declination  vaniftiing  the  Alcicudc 
vaniflies,  and  the  Azimuth  becomes  equal  to  a  Quadrant  or  po  De- 
grees, and  cbnfequently  at  that  time  the  Sun  will  appear  due  £aft  in 
the  Horizon  at  Six  in  the  Morning,  and  due  Weft  in  the  Horizon 
;at  Six  in  the  Evening,  at  which  time  he  Rifes  and  Sct$  at  the  Hour 
o^Six. 

For  in  the  Triangle  T®  fi  when  the  Side  T  ©  becomes  equal  td 
nothing,  the  points  V,  ®  and  il,  coincide,  and  the  Triar^lc  r<S)R 
vanifties. 

And  again,  becaufe  the  Declination  remaining  the  fame,  the  Sines 
oF  the  Altitude  are  direftly  proportional  to  the  Sines  of  the  Latitude 
of  the  Places,  it  follows,  that  the  greater  the  Latitude  the  greater 
the  Altitude  at  the  Hour  ot  Six,  till  at.laft  when  the  Latitude  be- 
comes equal  to  90  Degrees  or  a  Qiiadrant,  the  Height  at  Six  be- 
comes equal  to  the  Declination,  and  this  happens  to  all  thofc  who 
have  that  Pole  in  their  Zenith,  as  is  the  fame  Way  with  t&e  Decli- 
-lution  that  is  to  the  Northern  Inhabitants  when  the  Sun  has  North 
Declination,  but  to  the  Southern  Inhabitants  when  the  Sun  has  South 
■Declination. 

For  when  the  point  -P  returns  to  and  coincides  with  the  point  Z, 
that  is,  when  the  Axis  coincides  with  the  Prime  Vertical,  the  Side 
TR  of  theTriangle  '^R  ^  [vaniflies,  and  Q)R  becomes  equal  to  T  ®. 

On  the  contrary,  as  the  Latitude  decreafcs  the  Height  and  A- 
.zimuth  at  Six  decreafes,  tiU-at  laft  when  the  Latitude  vanifhes,  the 
Altitude  at  the  Hour  of  Six  vaniilies ;  and  the  Azimuth  becomes 
equal  to  the  Complement  of  the  Amplitude,  equal  to  the  Oechna- 
tion,  and  the  Sun  appears  in  the  Horizon,  and  this  happens  to  all 
thofe  Inhabitants  who  dwell  under  the  Equator. 

For  when  the  Pole  P  coincides  with  the  point  C,  that  h^  when 
the  Axis  becomes  the  Horizon,  the  side  T  ®  of  the  Ttiai^le  T  ©  ji 
vanilhes,  and  T  R  becomes  equal  to  T  Q. 

And  confequcmly  when  the  Declination  is  of  a^contrary  Denomi- 
nation to  th  Latitude  of  the  Place,  the  Sun  does  not  appear  above 
the  Horizon  till  after  the  Hour  of  Six,  and  the  fourth  Number 
fouad  in  this  C^/^lh^ews  hi$  DeprciBon  at  that  time.  Prob 
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Prob.  IIL 

Cafe  2. 

Given  the  Sun's  Declination  and  his  Altitude  at  the  hoiir  of  Six^" 
to  find  the  Azimuth  and  Latitude  of  the  Place  of  Obfervation. 

The  Sun  bavii^  19  deg.  jp  min.  10  ice.  I  of  North  DecHnatioa,' 
hi$  Altitude  at  die  hour  of  Six  is  found  to  be  1 5  dcg.  16  min.  04  fee 
I  demand  his  Azimuth  and  the  Latitude  of  the  Place  of  Obfenratioa 
!%€  ^eredfrafbie  Solution  upon  tie  Plane  tftbe  MeriMau, 

I.  Having  drawn  liie  Meridian 
ZONH,  the  Horizon  i90,  and  ac 
R^-aog^es  to  it  the  Prime  Vertical 
ZT  N,  about  the  Center  f  with  the 
Semi-ungent  of  the  Sun's  Declination 
X9  deg.  i9  min.  10  fee.  i  defcribe  the 
FarallelOQ  ;. 


a.  Atthediftance  of  74  deg.  43  min: 
$6  fee.  the  diftance  of  the  Sun  from 
the  Zenith,  or  Complement  of  the 
Altitude,  defcribe   the    Parallel   oc 

Small  Circle  w  ® »,  (by  Ca/i  the  ai  ^.  .  v«  .  .^ 
of  Pro*,  the  Atb,  of  &S  the  id)  whet?  this  mtetfcfts  the  former 
Parallel  in  ®,  it  will  give  the  Place  of  the  Son ;  thro  which  poutt 
and  the  Center  r,  draw  the  Six  a  Clock  Hour  Circle  i»  r  5,  and 
at  Right-angles  to  it  the.Equator  ^  r  j2:  ,  ^,  , ,     .        .    __ 

4  Thro'  Che  Point  ©and  the  Zemih  and  Nadir,  draw  the  Ver- 
tical Circle  2  ©  Z9  and  the  thing  is  done ;  and  il  0  the  Sun  s  Aa- 
mnth  may  be  meafiited  (by  Cafe  the  id  of  Pro*,  the  7th,  of  5eS.  the 
^  oiPart  Che  4ft&,)  and  the  Angle  ®  r  X  or  Arch  PO,  equal  t© 
the  Latitude  of  the  Place  of  Obfervation,-  may  be  meafurcd  by  the 

Uae  oj  Chtrds.  ^  ^  ,    ,   . 

UgarisbmicaSyt  or  iy  Calculatton. 
lA  the  Spherical  Ttmtg^c  (S>rR  Right-angled  at  R  are  gircn. 
©  r  the  Ws  DediBMion,  and  ©  Jl.  his  Altitude,  whence  to  find 
-r  R  the  Complement  of  the  Azimuth  from  Ae  Meridian,  it  wiU 
be  (by  the  14th  Cafe  of  Ri^-ml^d  Sfberic^l  7rtaugUs. 

PPPP 


ap8 
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Ascs,Til:  Ri  ics,®  Tics.r  R,  that  is. 


As  the  Co-fine  of  the  Altitude  ij.  15.04 
To  the  Radius 


So  is  the  Co-fine* of  the  Declination  i9  39*ioi 


99843948 

lO.OOOOOOO 

""P-P7?934^ 

To  theS.  of  the  Azimuth  firom  the  Meridian  77.18,2919.9895394 
Which  bccaufc  the  Declination  is  North,  muft  be  counted  from 

the  North  towards  the  Eaft  if  it  be  in  the  Morning,  but  towards  the 

Weft  if  it  be  in  the  Afternoon. 

2.  To  find  the  Laticude  or  Angle  ®  T  H,  it  will  be  by  the  ijtA 

Cafe  of  Right-angled  Sfherical  Triangles^ 

As  the  S.  r  ®  :  /{  :  :  S.  ®  R:S.  ®  r  jR  .  that  is. 
As  the  Sine  of  the  Declination  i9-3P-i<^i -9'^^675'!7 

To  the  Radius 


So  is  the  Sine  of  the  Height  5  x- 15.04- 
To  the  Sine  of  the  Latitude  51.3  2 


10.0000000 
—9.4205^009 

— 9-8937452 

Which  is  Northerly,  becaufe  the  Declination  is  Northerly. 
By  the  help  of  this  Proikm  the  Latitude  of  ^  the  Place  may  be 

obtained  from  the  height  of  the  Sun  at  the  hour  of  Six,  which  may 

fometimes  be  of  Ufe  to  the  Induftrious  Navigator. 

Prob.   III. 

Cafe  3. 

Given  the  Aumuth  at  the  hour  of  Six,  and  the  Declination,  to 
find  the  Altitude,  and  the  Latitude  of  the  Place  of  Obfervation. 

Exampb.  The  Sun  having  19.39.10lN.  Decimation,  his  Azimudi 
at  fix  in  the  Morning  was  found  to  be  N.  77.28.29l  £.  I  demand,  &c. 

T%e  &eTe^rafhic  Solution  ufon  tbePhmt 
of  the  Meridian. 

I.  Having  drawn  the  Meridian 
2  ONH,  the  Horizon  HO,  and  at 
Kight-anglcs  to  it  the  Prime  Vertical 
Z  V'  iST,  with  the  Semi^tangent  of  the 
Sun's  Dedinatiocr  19  deg.  39  min. 
10  fee  f,  defcribe  the  Parallel  O  0  j 
about  the  Center  r  as  a  Pole. 

a  Set 
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2.  Set  off  the  Semi«tangent  of  the  Complement  of  the  Azimuth 
12  deg.  3 1  min.  jo  fee.  i,  from  T  in  the  Horizon  to  R,  or  with  the 
Secant  of  the  Azimuth  77  dcg.  28  min.  2pfec.  |j  fctting  one  foot 
of  the  Compafles  in  Z  or  AT,  the  other  Foot  reftin|^n  the  Horizonr 
HfO  produced,  dcfcribe  the  Vertical  Circle  Z  R  N,  where  this  in- 
tcrfcds  the  Parallel  0  S)  a  before  drawn,  it  will  give  the  Place  of 
the  Sun,  thro'  which  and  the  Center')!',  if  the  Hour  Circle  P®rS 
be  drawn  the  thing  done;  and  &  R  the  Sun's  Altitude  may  be  mea^ 
furcd  by  Cafi  the  3^  of  Probkm  the  ^tb^  ofSe^ion^he  id,  and  the 
Ar^lc  ©  T  iJ  or  the  Arch  0  P  the  Latitude  may  be  found  by  the 
Line  pf  Chords. 

LogaritbmicaBjj  or  by  Calculation. 
In  the  Spherical  Triangle  ®  T  R  Right-angled  at  /i,  are  given, 
©  T  the  Sun's  Declination,  T  R  the  Complement  of  the  Sun's  Azir 
mutb^  whence  to  find  firft  ®  R  his  Altitude,  it  will  be  by  the  id 
JSxamfk  of  the  i^th  Cafe  iof  Right-angled  Sf her  teal  Triangles, 

As  the  c  s,r  A  :  -R  :  :cSy  T  @:  c$,^R,  that  is,    .    ' 
As  the  Sine  of  the  Azimuth  77.28.2p  |    -^  ■         9^9^9^i9^ 

To  the  Radius ■  —  io,.ooooooo 

So  is  the  Co-fine  of  the  Declination  19.39.10I- — • PP73P34* 

To  the  Co*finc  of  the  Altitude  1 5 .  itf.04        ■  9*^843  948 

1.  To  find  the  Angle  Q>r  R  the  Latitude,  it  will  be  by  the  id 
Example  of  the  nth  Cafe  of  Right-angled  Spherical  'triangles^ 

As  A  :  t,  r  il :  :  ct,  r  ©  :  c  s,  <.  ®  r  /{ .  that  is. 

As  the  Radius*     ■■  v  ■  "■  ■■  jo.oqooooq 

To  the  Co-tangent  of  the  Azimuth  77.18.2pl 9*34^^534 

So  i$  the'Co-tangent  of  the  Dedination  1p.3p.10 1-—'  10.4471783 

To  Che  Co-fine  of  the  Latitude  5 1.3  a  P-7P3  83 1 7 

Which  is  Konh,  becaufe  the  Declination  is  Northerly. 
The  Variation  of  the  Cmpafs  being  knonm,  the  Latitude  of 
the  Place  of  ObTcrvatioo  may  be  found  by  the  help  of  this  Problem. 

PpPP  *  Cid! 


2QQ  j^'ronomtcal  problem fl 

Cafe  4. 
Given  the  Altitude  of  the  Sun,  and  his  Azimuth  at  the  hour  of 
Six,  to  find  ihijpcclination,  and  Latitude  of  the  Place  of  Obfer- 

vation.  _        , 

ExamfU. 

At  Six  in  the  Evening,  the  Altitude  of  thc^San  was  found  to  be 
\<  dee  1(5  min.  04  fee.  and  his  Azimuth  77  dee.  18  mm.  19  fec.S 
North  Weft  ward..  I  demand  the  Declination  of  the  Sun,  and  the 
Latitude  of  thcPlacc  of  Obfcr\'ation  ? 

AnSvitr. 
The  Sun*s  Declination  is  19.39- 1°^  N-  and  the  Latitude  5 1.3  2  N. 

Cafe  5.    Dauktful 
Given  the  Latitude  of  the  Place  and  the  Sun's  height  at  the  hour 
of  Six»  to  find  the  Declination  and  Aximuth. 

Example 
In  the  Latitude  of  *5 1- J 1  North, the  Sun's  height  at  Six  in  the  Morn- 
ing was  found  to  be  15.0604.  I  demand  his  Decimation  and  Azi- 
muth. AT 

Atyvxr. 

His  Declityition  is  ip  dcg.  39  mn.  10  fee.  J,  and  Azimuth  NoKh 
77  deg.  iS  ain.  ^9  ^cc-  *  E*^-   . 

Cafe  6.    ' 

Given  the  Latitude  of  the  Place,  and  Azimuth  of  the  San  at  the 
hour  of  Six,  to  find  the  Altitude  and  Declination. 

Examfli. 

In  the  Latitude  of  y  i  dcg.  32  min.  North,  thcSun^s  Azimuth  at 
Six  in  the  Morning  was  found  to  be  North  77  <fcg.  28  min.  29  feci 
Eaft.    I  demand  the  Altitude  and  prefent  Declination  ? 

* 

The  Altitude  is  15  deg.  x^  min.  04  fee  and  Declination  19  dcg* 
29  min.  10  fee  I  North.  * 

Cafe  7. 

Given  the  Latitude  of  the  Place  and  Angle  formed  by  the  Vesi- 
cal and  Six  a  Clock  hour  Circle,  to  iud  theSun's  Height  ^nd  Azimuth 
»  at  the  hour  of  Six,  and  his  pre&nc  D^lination.  £x- 
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In  the  Latitude  of  ;i  deg.  j2  min.  Norths  the  Sun  being  upoa 

the  Six  a  Qock  hour  Circle  in  the  Morning,  the  Angle  formed  by 

the  Vertical  and  Six  a  Clock  hour  Circle  is  found  to  be  40  deg   09 

xnin.  07  feci  I  demand  the  Sun's  Declination ,  his  Height  and  Azi^ 

muth  at  that  time, 

•  Anfv)ir* 

The  Sun's  Declination  i9  deg.  39  min.  10  fee.  |  Korth,  his  Al* 
titude  1 5  deg.  i6mxi.  04  Ice.  and  his  Azimuth  North  77  deg-  28-^ 
min,  29  fee.  |  Eaft. 

Cafe  8. 

Given  the  Sun's  Declination,  and  the  Angle  formed  by  the  Ver- 
tical Circle  paffing  thro'  the  Sun  and  the  Six  a  Clock  hour  Circle,  to^ 
find  his  Altitude,  Azimuth  and  Latitude,  of  the  Place,  he  being  ; 
fuppofed  to  be  on  the  Six  a  Clock  hour  Circle. 

Example. 

The  Sun  being  upon  the  Six  a.  Clock  hour  Circle^  there  is  given, 
the  Declination  equal  to  19  deg.  59  mini  10  fee.  |,  and  the  Angle- 
formed  by  the  VerticaL.and  Six  a  Clock  hour  Circle  equal  to  40  deg* 
o9  min.  07  fee.  k*  1  demand  the  Sun's  height  and  Azimuth,  and  La-^ 
titude  of  the  Place  ? 

Anfwer. 

The  Sun's  Height  is  15  ileg,  16  min.  04  fee.  his  Azimuth  is  North 
77  deg.  aSmin.  29  fee.  I  £aftj  (if  in  the  MoQiing)  the  Latitude  5 1  ^ 
deg,  1%  min.  North. 

C4/i  9- 

Thert  is  given  the  Sun's  Height  at  the  hour  of  Six,  and  the^ 
Angk  foaned  by  tWfe  Vertical  and  Six  a  Clock  hour  Circle,  to  find 
his  Azimuth,  Declinttioni  and  the  Latitude  of  tlie  Place. 

Exnfffpie, 

The  Sun  being  uj^on  the  "Six  a  Clock  hour  Circle,  there  is ^givtn 
his  Height  equal  (o  15  deg.  \6  min.  04  fee.  and  the  Angle  formed 
by  the  Vertical  and  Six  ^  Clock  hour  Circle  equal  to  40  deg.  09 
min.  07  fee.  I.  I  demand  the  DecliMtion^  Azimuth  and  Latitude 
of  the  Place?  Aufusr. 
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^  Anfwtr. 

The  Declination  is  ipdeg.  jj  min.  lo  fee.  I,  Azimuth  77  deg. 
28  min.  29  fee.  |,  and  Latitude  51  deg.  31  min*  but  whether  the 
Declination  and  Latitude- be  North  cr  South,  or  whether  the  Azi- 
muthrauft  be  counted  from  the  North  or  Southj  is  not  to  be  dc- 
tcrini.icd  b/  the  Data  in  the  Qacflion. 

*  Cafe  10.     DouhtfuL 

There  is  given  the  Sun^s  Azimuth  at  the  hour  of  Six,  and  the  An- 
gle tormed  by  the  Vertical  and  Six  a  Clock  hour  Circle,  to  find  his 
Declination^  Altitude  and  Latitude  of  the  Place. 

Example. 

The  Sun  being  upon  the  Six  a  Clock  hoar  Circle,  there  is  given, 
his  Azimuth  North  77  deg.  28  min-  29  fee- 1  Eaft,  and  the  Angle 
formed  by  the  Vertical  and  Six  a  Clock  hour  Circle  equal  to  40  deg« 
09  min.  07  fee.  4,  to  find  the  Altitude,  Declination,  and  Latitude 
of  the  Place.  '  Anfmer. 

.  The  Sun's  Altitude  is  15  deg.  16  min.  04  fee.  his  Declination  19 
deg.  39  min.  lofec.J,  and  the  Latitude  of  the  Place  ;i  deg-  32  mio. 
North, 

Prob.  IV- 

Cafe  I. 

The  Latitude  of  the  Place,  and  the  Declination  of  the  Sun  being 
given,  to  find  his  Height  and  the  time  when  he  will  be  upon  the 
Prime  Vertical.  ^  -  Example- 

In  the  Latitude  of  jf^i  deg.  32  min.  North,  the  Sun*s  Decljoadon 
being  >9  deg.  39  min.  10  ^c.  |N.  I  demand  his  Height  ud  the 
time  when  he  will  appear  due  Eaft  and  Weft. 

I.  Having  drawn  the  Meridiati 
ZONHy  the  H#rizoQ  HO,  and  at 
Right-angles  to  it  the  Prime  Verti- 
cal, or  Circle  of  Eaft  and  Weft  2  riV, 
fet  off  the  Latitude  of  the  Place  5 1 
deg.  3  2  min.  from  O  to  P,  and  draw 
the  Axis  PS,  and  at  Right^aogles  to 
it  the  Equator  A  Q. 

a.  About  the  Pole  P  at  the  dif- 
tance  of  70  deg.  20  min.  49  fee  i, 
the  Complement  of  the  Son's  Decli* 

nation 


•^ 


Jjirommkal  'Problems,  ?  q  j 

nadQn,  defcribe  the  Parallel  of  Declinarion  ot  Small  Circle  » <?  « 
by  Cafe  the  id  of  Pro*,  rhc  4?*,  of  Se^.  the  a^  where  this  fntcrftas 
the  Prime  Vertical  Z  r  iV  in  ©,  it  gives  the  Place  of  the  Sun  when 
he  appears  due  Eaft  or  Weft. 

•  3.  Thro'  rhc  Point  ©  and  the  Poles  Pand  S,  draw  tiie  Meridian 
or  hour  Circle  P®  Sy  and  the  thing  is  done,  and  r  ®  the  Sun's  Al- 
titude, and  r  ;i  the  time  before  and  after  the  hour  of  Six  may  be 
meafured  by  Cafe  the  id  of  Prob.  the  ^th^  of  Se£i.  the  jrf.  * 

Logaritbmicalfyy  or  by  Calculation. 
In  the  R^ht-angled  Spherical  Triangle  r  Q  r  Right-angled  at 
R,  are  given,  ©  R  the  Sun's  prefent  Declination,  and  the  Anelc 
©  r  It  equal  to  the  Latitude,  Jwhence  to  find  firft  rj?  his 
Altitude  upon  the  Prime  Vertical,  it  will  be  by  Cafe  the  lotb  of 
JUgbt-a^led  SfbtrkaJ  Triangles  ^ 

AsS.<QrR:R:  :S.&Ri  S.  ©  r  j  thatis. 

As  the  Sine  of  the  Latitude  fi.3  a.         —        -  — p.gpiTija 

To  the  Radius . -^.0000000 

So  is  the  Sine  of  the  San*5  Declination  ip.jP'iol— — ^.52^7557 

To  the  S.  of  the  height  upon  thePrimcVert.a5.2tf.ip|^9.tf33oioj 

Which  is  the  fame  whether  the  Sun  appears  due  Eaft  or  Weft, 
a.  To  find  the  time  when  he  will  appear  due  Eaft  or  Weft   it 
will  be  by  the  ^tb  Cafe  of  Rigbt-ai^led  Sfberical  Triangkt,  '    . 

As  the  t,<0  r  R'.R'.  :  t,  ©  iJ :  S.  r  il .  that  is, 
Ai  the  Tangent  of  the  Latitude  yi.32 —10.099911$ 

To  the  Radius .— — — _ , /»/«»/w«»y» 

e     •      L    "r"  1    I      -TV  ■■  10.0000000 

bo  18  the  Tangent  Of  the  Declination  1p.3p.10l p-55383i7 

To  the  Sine  of  the  Arch  TR  equal  to  itf.i8.jp ^.4j2po8i 

the  time  before  or  after  the  hour  of  Six,  or  to  the  Co-fineof  the  A  rcK 
^ A  the  time  from  Noon,  equal  to  73  deg.  j,  min.  01  fee.  this 
converted  into  Time,  will  give  4  h.  y^  m.  04  f.  for  the  time  when 
the  am- will  appear  due  Weft  m  the  Afternoon,  bntfubftraaed  from 
la  b.  00  m,  oof.  will  give  7 h.  05  m.  yd  f.  for  the  time  when  he 
will  ^>pcar  one  Eaft  in  the  Monung.  Oc 


V 


yo4  AJironomcal  ^nlierns. 

Or, 

The  Arch  V  A  equal  tx>  i6deg^  28  mm.  spfec.  equal  to  ih-  o^m. 
56  {•  fubftraded  from  fix  hours,  win  give  4h^  54m./o4f.  for  the 
time  when  the  Sun  will  appear  due  Weil,  but  added  to  fix  hours 
will  give  7  h.  5  m.  jo  f.  ior  tht  time  when  the  Sun  will  appear  due 
Eaft,  as  before  determined ;  at  each  of  which  times  be  will  be 

'  Teen  25  deg.  20  min.  ao  fec«  above  the  Horizon. 

This  Ct^e  is  doubtful*  as  appears  by  the  9tb  Cafe  ofRigbMnigkd 
Spherical  Triangki  5  but  inalmuch  as  the  Sides  of  the  Great  Triangle 
are  the  Supplements  of  the  Sides  of  the  lefler  Triangle,  if  they  are 
counted  the  contrary  way  they  will  produce  the  fame  Anfwcrs,  ioc 
as  the  Arch  T  R  equal  to  i  h.  05  min.  50  fe^^.  counted  from  fix  in 
the  Morning,  gives  yh.  oy  min.  50  fee-  for  the  time  when  the 
^Sun  will  appear  due  Eaft,  its  Supplement  10  hr  54  min.    xofec 

^  or  the  Arch  fA  R  the  Side  of  the  great  Triangle  counted  from  the 
fame  hour  will  give  4  b.  54  m-  xof.  for  the  time  when  the  Sun 
will  appear  due  Weft,  andas  the  Aflh  V  O  i$  deg.  itf  min-  ip  fee. 
I, .  counted  from  the  Horizon,  gives  the  height  of  the  Sun  in  the 
Morning,  or  when  he  appears  due  Weft,  (6  its  Supplement  153  deg. 
J  i  min.  40  kC'  4,  or  the  Side  of  the  great  Triangle  counted  kcun  the 
fame  point  in  the  fame  Vertical  Circle,  will  Rive  63  deg.  3 3. min. 

.  40  fee  ?far  his  Zenith  Biftance,  or  2  (  deg.  24$  min.  19  kc,  I  fbc 

•  his  Altitude,  when  he  appear&due  Weft  in  the  Afternoon,  as  before 

.determined. 

By  the  help  of  this  Pr^Uem  lik.ewife,  if  the  hour  of  the  Day  be 

•known,  the  Variation  of  the  Comfitfi  may  eafily  be  found,  or  the 

.  Variation  of  the  Ccmpafs  being  known  the  hoar  is  eafily  iad,  or  the 
Altitude  being  carefully  taken  at  that  time,  the  Hour  of  the  Day  and 
the  Variation  of  the  Compafs  is  readily  difcovered,  as  is  very  evi- 

^  dent  to  the  Inteligent  Reader. 

This  And  the  former  Problem  are  ufeful  in  Ending  the  Declinati- 
on of  Walls,  &c. 

And  becaufe  in  the  fame  place  the  Latitude  reHuinii^  chefiuoc, 
the  Sines  of  theAlcitudes  are  ever  as  the  Sines  of  the  Declinations,  and 

'the  Sines  of  the  Times  diredly  as  the  Tangents  of  the  fame  Declt- 
tiatioD,  it  follows,  that  the  greater  the  Declinatbn  the  greater  the 
Altitude,  and  the  grearer  the  Diftance  of  Time  from  tbe  hour  of 

'  Six,  and  on  the  contrary,  the  \dkv  thp  Declination  the  lefler  tbe  AI- 

.titude,  and  the  nearer  docs  the  time  approach  to  the  hour  of'Six  ;  till 
atlaft,  when  the  Declination  ceafesthe  Altitode  vanifiies,  aod  the 
Sim  appears  in  the  Horizon  upon  the  Prime  Vertical,  at  t^  hour 

^  of  Six .  in  the  Morning  an#£vening.  For 


For  tQ  the  Triangle  T9R  where  the  Side  T  Q  raniihes^  the 
points  0s  iCt  and  T  coincide. 

And  becaufe^  the  Declination  remaining  the  fame,  the  Sines  of  the 
AltiQides  are  reciprocally  proportional  to  the  Sines  of  the  fieveral 
Latitudes,  and  the  Sines  of  the  times  from  Six  reciprocally,  as  the 
Tangents  of  the  refpedire  Latitudes,  it  follows,  that.the  greater  the 
Latitude  the  lefs  win  be  the  Altitude,  and  the  lefs  the  time  from  the 
hour  o(  Six,  till  when,  the  Latiti^e  becomes  equal  to  a  QudranV, 
rbe  Altitude  becomes  equal  to  the  Declination,  and  the  time  be- 
comes equal  to  fix  Hours  ^  and  this  huppens  at  all  times  whetf  the 
Sun  is  vKible  to  thofe  who  have  either  Mc  in  their  Zenith . 

For  when  the  Point  P  returns  into  Z,  that  is  when  the  Arch  PZ 
vaniihes,  the  point  jR  returns  into  ir,  and  O  T  becomes  equal  to 
o  R^  and  die  Triangle  TOR  vani&es* 

oil  the  contrary,  the  leiTer  the  Latitude  the  greater  will  be  the 
Altitude,  and  the  nearer  does  the  time  approach  to  Noon,  till  when 
the  Latitude  becomes  equal  to  the  Declination,  and  the  fame  Way 
the  Sun  appears  at  a  quadrantal  Diftance  from  the  Horizon,  in  the 
Prime  Vertical  up(HS  the  Meridian,  and  confequently  in  the  ^e« 
nith  of  the  Place  where  he  is  due  Eall  or  Weft,  and  this  happens  at 
certain  times  to  all  thofe  who  inhabit  between  the  Jropics^  that  is, 
to  die  Northern  Inhabiunts  when  the  Sun  has  North  Declination, 
and  to  the  Southern  Idiabitants  when  he  has  South  Declination. 

IFor  in  the  Triangles  @  T  R^  when  0  R  becomes  equal  to  v^Z, 
die  points  ®  and  Z,  Aaod  itf  coincide,  and  T  0  and  T  R  become 
equal  to  r  Z  and  T  A^  that  is  equal  to  Quadrants. 

But  when  the  Latitude  of  the  Place  becomes  left  than  x\^  Decli^ 
nation,  the  Sun  never  arrives  upon  the  Prime  Vertical,,  but  conftant- 
ly  keeps  on  the  fame  Side  of  it,  that  \b  eithqr  to  tbe<  Northward  or 
Southward  of  it,  according  as  the  Place  is  fcituated  cither  to  the 
Northward  or  Southward  of  the  Equator :  For  when  the  Arch  PO 
equal  to  ZA  is  left  than^lM,  the  point  f»,and  confequently  the  whole 
Parallel  m®n  falls  on  the  fame  Side,  or  in  thxiCaft  to  the  Northward 
of  the  Prime  Vertical  ZT  N\  and  confequently  whep  the  Latitude 
of  the  Place  and  the  Declination  are  contrary,  the  Sun  never  appears 
till  he  is  paft  the  Prime  Vertical,  and  the  Number  found  m  this 
C0ifi  ihews  the  Depreffion. 

Q^q  q  q  Prob. 
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Prob.  IV.  '    ' 

.       .,  Cafe  a. . 
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Tftc  Sun  being  upon  the  Prime  Vertical,  there  is  given  his  Alti- 
tude  and  pre  fent  Declination/ to  find  the  Latitude  of  the  Place  an4 
hour  of  the  Day.,   , 


•jfj 


1,1 


a; 


The  Sub  tevang  ;I9  d^.  -j^^indd.  lo^QC^I  Nprth  Declinatiofi^ and 
25  deg.  admin,  ijfcc  I. of  Altitude. upon  the  Prime  Vertical.  I 
demand  thcf  Latitude  o£  th^  Place  of  Obfervation  and  hour  of  the 

Day.     -  :•::.:•     i   •    -^   ''!*•  .'-...- 

7'he  Stereograhic  Solution  u^n  t^e  Plain  of  the  Meridian.      , 

I . '  Having  drawn  the  Meridian 
Z  O  NH,  the  Horizon  HO,  and  at 
Right-angles  to  it  the  Prime  Verti- 
cal Z  N^  fct  oft'  the  Semi-tangent  of 
i5  deg.  'i(J  min.'ip  fee.  f,  the  Sun's 
Altitude  from  Tto'  9i  this  will  rc-^ 
-prefeht  tlft  PTaci  of  the  Sun. 


O 


2.  About  the  Point  ©  as  a  Polej 

*'  at  the-  diftaniJe  of,  ^70  deg.  10  min. 
^  '  49'fec.i  the  X^mpfcmcnt-  df  the 
•  ^  Sun's  Declination^  defcribe  the  Small 
Circle  m  P  fty  y/herc  this  interfeds  the  Meridian/ k  will  give  the 
Place  of  the  North  Pole. 

^  J.  Thro'^thc'Poiii  and' the  Cehtir  T  draw  the  SI*  a  Cfock  Hoaf 
Circle  P'V^  5,^^^a  it  Right-angles^  toittlieEqoator  A  J^ 
•  -  4.  -Tiiro-  the- PoIcTs  P  irid  S  ihd  tlie'  point  (Sr;  draw  the  Meridian 
P  ©  5,  and  the  thing  is  done ;  and  RA  the  Hour  from  Noon  may 
be  meafufed  by  Cafe  \ht  2d  of  proHem  the  7th  of  StShn  the  21/^ 
and'  thc^  An^l*'®  T  A  equal  to  the  Arch  Ac  the  Latittide,  may  be 
ihcafitired^^y'thteim^c/^'OAorrfj'.       *'    •  •    y 

•'-*'•'     '-   '-^Ijegarttbmiedlfify^riyCakutatioH.    - 

In  the  Spherical  Triangle  &  r  R^  Right-angled  at  R  are  girt n 
®  r  the  Sun'sAltitude,  and  ®R  his  prefent  Declination,  whence  to 
find  firft  the  Angle  Qr  R  equal  to  the  Latitude,  it  will  be  by  the 
i^th  Cafe  of  Rigbt-aniki Spherical  Triatigles^ 

A« 


As  the S. ©  Y  :  S.  ®  A: yk:  S.  ©  r  A ;  that  is,  * 
rAs{thc,Sii«  of  tho'AltitiKtc^«?6:ip| 9.6^^010$ 

f  ^     *  '■'".»  11  I      ^  IM 

Xo  the  &nc/)f  tficpecKriati^  ip*3J?ti04     .  9'$^^1557 

.     So  is  the  Radius —  -r-^ ^ — -. i  o.ooonnnn 


lO.OOOOOOO 


^o  the  Sine  of  the  Latipude.5 1  j  1    '     ■  ■ -^-893745^ 

Which  is  North  bccaufe  the  Declination  is  North.  '    / 

.    a.  To  find  the  Time,  it  wiU  be  by  the- 14^4  Cafiqf  Rigbtumgled 
Spherical  Triangles,  •.  > 

AscB^QR.Ri  !cs,  ©  r.cs^RT^  that  is. 
As  the  Co-fine  ot  the  Declination  1p.39.iol ^— P-9735>34» 

To  the  Radius- — . — lo.ooooooo 

So  is  the  Co  fine  of  the  Altitude  2$. 26.1  ^l,  ■■        ..  —^ip^^-jepi 

To  the  Sine  of  the  hour  from  Noon  TJ-ji-ji—r— 9.9817749 

Equal  t0  4h«  5401.  04^  when  the  Sun  will  appear  due  Weft  in  the 
Afternoon,  and  this  takenjfrom  12  Hours  wilHeavc  jh,  jm.  55/.  for 
the  time  when  the  Sun  will  appear  due  Eaft  in  the  Morning. 

The  Variation  of  the  Comfafs  being  known,  the  tinae  when  he  ap- 
pears due  Eaft  or  Weft  m^y  be  had,  and  from  his  Height  obfenre<f 
at  that  time,  the  Latitude  of  the  Place  may  be  found  by  the  help 
ofthis/'ri^^few. 

.    '  Ftob.  IV.      . 


•    ^ 


•  -  •  •-     .^ 

.  ^    .       Cafe  3. 

Tht  Sun  being  upon  the  Prime  Vertical  there  is  given,  the  De^ 
clinatiori  and  the  time  of  the  Day/ to  Hnd  the  Altitude  and  Latitude 
of  the  Place. 

Ex^pfel  '  '  :     .  *  - 

XhcSmrhaying'19  cieg.  39  «iin,jLo  feci jfttNorth  Declination 
^was  obferved  to  be  upon  the  Prime  Vertical  at4h.  54  m.-  o4f.  in 
the  Alcemoon.    I  demand  His  Altitude  {and  the  Latitude  of  the 
Place  oi  Obfcrvation.        -        * 

'  V:  Q.q  q  q  a  The 
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Jjfronotnical  fProhlems^ 

7h  Steretiraphic  Solution  upon  tbi  Plane  rf  tU  ^MeridioM. 

i.  Hftving  drawn  the  Meridian 
ZONH,  the  Six  a  Qock  Hour 
prclc  P  T  5,  and  at  Right-angles  to 
it  the  Equator^  Q^  fct  off  the  Semi- 
tangent  of  the  Complement  of  the 
hour  from  Noon  16  deg.  2S  min-  59 
fee.  from  T  to  R,  and  draw  the  Me* 
ridian  PRS. 


2.  Set  off  the  given  uccin 

0,  by  Cafi  the  3^  of  Problem  the  6th 
of  SeBion  the  ai,  then  will  0  reprcfioit  the  Place  of  tlie  Sun. 

3.  Thro'  the  Point  ©  and  the  Center  T  draw  the  Prime  Verti- 
cal Z  ©  Y^  iV^  and  the  thing  is  done ;  and  T  €)  the  Sah*s  AUitude 
may  be  mcafured  (by  Cafe  the  td  of  Prct.  the  7 thy  of  SeSi.  the  arf) 
and  the  Angle  ZX  A  or  the  Arch  ZA  the  LatiHidc,  may  be  mea- 
furcd  by  the  £/»^  of  Chords. 

Logarithmically p  or  iy  Calculation.  ^ 

In  the  Spherical  Triangle  &  T  R  Right-angled  at  R  are  given, 

©R  the  prcfcnt  Dcclinarion,  and  T  R  the  hour  from  iSix,  whence  to 

find  ®  Xy  the  Sun'j  Alritudc,  it  will  be  (by  the  ift  Cafe  of  Rigbt-- 

angled  Spherical  Triangles. 

As  Ric$,®R:  :cs,rR:c^^  T  •,  thztis. 

As  the  Radius*     ■       ■      '  "  ■        -   ■iO'Oooqooo 

To  the  Co-fine  of  the  Declination  ip.j^'iol — 
So  is  the  Sine  of  the  hour  from  Noon  73.3  i.oi  — 

To  the  Co-fine  ofthe  Altitude  a  y.atf.ipl—— 


— 9-P73P34* 
-5>.9ti774P 


9-9557091 


a.  To  find  the  Latitude  of  the  Place  of  Obfervadon,  k  will  be 
by  Cafe  the  2d  of  Right-angled  Sfberical  Triangles^ 

AftheS.V/l:il:  it,  (S>  R:t,<Q  T  R;  that  is. 
As  the  Co-fine  of  the  hour  from  Noon  73.3 1.01  9.4$  290%% 

To  the  Radius"  ■  ■  ■      '         -  ■         *io.ooqooo# 

So  is  the  Tangent  of  the  Declination  ip-3p.io|-~— 

To  the  Tasgent  of  the  Latitude  5 1.3  a  ^ i^ 


— 9>y5aai87 
^iO'Op99^iS 


Which 


Afifwiomical  Tnbkmi.  ^  09 

Which  is  North  bccaufc  the  Suiv*s  Declination  is  Northerly 
[        .  The  time  when  the  Sun  is  upon  the  Prime  Vertical  being  known 

J^r?f^  ''^^J^'^^'f  ^'>ff«^»f«>?>  and  the  Variatiottof 
p      the  Cmfajs  oiay  be  obtaioed  by  the  help  of  this  Pnilem. 

Cafe  4. 

Given  the  Latitude  of  the  Place  and  Altitude  of  the  Sun  upon 
the  Prime  Venical,  to  find. the  Declination  of  the  Sun  and  Hour  of 
the  Day. 

*   Example. 

In  the  Latitude  of  5 1. j  a  North,  the  Sun's  Height  uoon  the  Prime 
Vertical  was  found  to  be  aj  dcg.  %6m\n.  ipiec.  J.  I  demand  the 
prcfcnt  Declination  and  honrot  the  Day. 

Jffjioer. 

The  prefent  Declination  19  dcg.  59  min,  10  fee.  f,  and  the  Hon? 
4  h.  54  m.  4  f.  in  the  Afternoon  if  the  Sun  was  in  the  Weftern  Semi* 
circle,  but  7  h.  5  m,  5  din  the  Morning,  if  the  Sun  was  in  the  Eall- 
em  Semicircle. 

Cafe  J. 

Given  the  Altitude  of  the  Sun  and  hour  of  the  Day,  when  the 
Sun  appears  upon  the  Prime  Vertical,  to  find  the  Declination,  and 
Latitude  of  the  Place  of  Obfervation. 

Example 

The  Sun  being  upon  the  Weftern  Quadrant  of  the  Prime  Vertical 
at  4  h.  54  m.  04  C  his  Altitude  was  found  to  be  25  deg.  26  min. 
19  fee.  f  I  demand  his  X)eclination,  and  the  Latitude  of  the  Place  of 
Obfervation  ? 

Anfwer. 

TheSun^s  Declination  is  19  deg.  ^pmin.  10  fee.  I,  and  the  La- 
titude of  the  Place  is  5 1  deg.  3  z  mio.  and  both  the  fame  way,  but 
whether  North  or  South  is  not  fufficiently  determined  by  this  Data.    , 

Crft  6. 

Given  the  Latitude  of  the  Place,  and  hour  of  the  Day  when  the 
Saa  appears  upon  the  Prime  Vertical,  to  find  the  Declination  and 
Althndc  above  the  Horizon. 

lo 


J I  o  •  Jflfonomical  ^rohltms^ 

Example. 

'    ■  -  •        . 

In  the  Latitude  of  5 1  dcg.  32  min.  North,  tbeSrni  wasobTeired 
to  be  upon  the  Prime  Vertical  at  yh.  5  m.  0/.  in  the  .Adoroing. 
I  demand  his'Declination  and  Altitude  at  that  time. 

Atifwer. 

His  Altitude  Is  ijdeg.  2<?  nun.  ipfec.f,  and  his  t)eclinatioa 
ip  deg*  jpmin-  10  fee  I  North. 

Caje  7. 

The  Sun  bciite  UfJon  the  Prime  Vertical  there  is  given  the  Lati- 
tude of  the  Place,  and  the  Angle  which  the  Meridian  paflinp  thro' 
the  Sun  forms  with  the  Prime  Vertical,  to  find  the  Sun's  Declination 
his  Altitude,  and  hour  of  the  Day. 

iExampk. 

In  the  Latitude  of  51  deg.  32  min.  North,  the  Sun  being  in  the 
Weflern  Semicircle,  the  Angle  that  the  Meridian  paffing  thro*  the 
:Sun  formed  with  the  Prime  Vertical  being  41  deg.  jo  min.  27  fee. 
I  demand  his  Altitude,  Declination,  and  liour^f  the  Day. 

Atijv:er. 

The  Altitude 'is  25  dcg.  %6  min.  19  kc.  I,  the  Declination  19 
'deg.  59  min.  10  fee- 1  North,  and  the  hour  4  h.  54  m.  4f.  in  the 
A  fternoon. 

Cafe  8. 

The  Sun  being  upon  the  Prime  jVertical  there  is  given,  his  De- 
clination, and  the  Angle  that  the  Meridian  paffing  thro'  the  Sun 
forms  with  the  Prime  Vertical,  to  find  the  Latitude  of  the  Place, 
the  Altitade  of  the  Sun,  and  hour  of  the  Day. 

-  Example. 

The  Sun  being  upon  the  Eaftern  Quadrant  of  the  Prime  Vertical; 
and  having  19  deg.  39  min.  10  feci  North  »Dech'natt  on,  the  Angle 
that  the  Meridian  paffing  thro'  the  Sun  formed  with  the  Prime  Ver- 
tical, was  found  to  be  41  deg.  20  min.  27  fee-  I  demand  the  Al- 
titude, hour  of  the  Day,  and  Latitude  of  the  Place, 
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'Anfwer. 

The  Sun*s  Altitude  is  21  dcg.  %6  mva-  19  fee.  |,  the  Latitude 
fx  deg.  32min.  Norths  and  the  hour  07  h.  05  m.  55  fee.  ia  tlie 
Morning. 

Cafe  9. 

The. San. being  upon  the  Prime  Vertical  there  is  eivcn,  his  Alcir 
tudcV  and  the  Angle  which  the  Meridian  paffing  thro*  the.  Sun  formf 
with  the  Prime  Vertical,  to  find  the  Latitude  of  the  Place,  Decli- 
njition  of  the  Sun^  and  Hour  of  the  Day. 

Example^ 

The  Sun  being  upoti  the  Prime  Vertical,  his  Ahitude  in  the  Mom^ 
ihg  was  found  to  be  25  deg.  16  min.  19  fee.  I:  and  the  Angle  which 
the  Meridian  paifing  thro  the  Sun,  formed  with  the  Prime  Vertical 
was  41  deg.  20  min.  27  fee-    I  demand  the  Latitude  of  the  Place,, 
declination  of  the  Sun,,  and  hour  of  .the  Day. 

Anfwe^. 

The  Hburis  7  h.  y  m-  j(S  f.  the-  Declination  ip  deg-  39  min; 
10  fee  I,  and  the  Latitude  51  deg-  32  min.  the  fame  way  with  tiie 
Bedination,  but  whether  they  be  North  or  South  is  not  iu/Hciently; 
^tennined  by  the  Data  in  the  Problem. 

^^      .         .  Cafe  10.     Doubtful 

The  Sun  bei»g  upon  the  Prime  Vertical  there  is  given,  the  hour 
of  the  Day,  and  Angle  which  the  ^Meridian  paffing  thro*  the  Sun, 
forms  with  the  Prime  Vertical,  to  find  the  prefent  Declination^  Al- 
titude, and  Latitude  of  tlie  Place. 

Example- 

Ac  4  h.  54  m.  04/4  in-  the  Afternoon,  the  Sun  being  then  upon 
the.  Prim,e  Vertical,  the  Angle  which  the  Meridian  paffing  thro*  the 
Sun  formed  with  the  Prime  Vertical  being  41  deg.  20  min.  47  fee. 
I  demand  tl>e  Sun's  Altitude,^  his  Declination,  and  the  Latitude  of 
the  Place  of  Obfcrvation. 

'  j4nfwer. 

ThcSun*i5  Altitude  is  25  deg.  26  min.  19  fee.  I,  the  Declination 
ip  deg.  ^39  min.  10  fee*  1^  and  the  Latitude  of  the  Place  of  Obfer- 
vacioQ  j;  I  deg.  32  min.  the  fame  way.with  the  Dcclinaiion,  but 

whether 
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whether  North  or  South  is  hot  fufficiently  deiermined  by  the  Dats 
in  the  Qutfiioa, 

Prob.     V. 

Cafe  I. 

The  Sun  being  upon  the  Equator^  the  Latitude  of  the  Place  is 
given  and  the  hour  of  the  Day^  to  find  the  Sun's  Height^  and  A- 
umuth  at  that  time. 

ExampU* 

In  the  Latitude  of  5 1  d^.  3 1  min.  North.  I  demand  the  Sun's 
Hei^t  and  Azimuth  at  half  an  Hour  paft  Three  in  the-Aftenioon» 
or  at  half  an  Hour  paft  Eight  in  the  Morning,  each  of  which  times 
are  Three  Hours  and  a  half  diftant  from  Noon« 

'The  Stereagraphic  Solution  u^on  the  the  Plane  if  the  Meridiait. 

X.  Having  drawn  the  Meridian 
ZONH9  the  Horizon /fO,  and  at 
Right-angles  to  it  the  Prime  Vertical 
ZN,  fct  off  the  Latitude  of  the  Place 
5 1  deg.  3  2min^  frpm  Oto  P,  and  draw 
the  Six  a  Qock  Hour  Circle  P  r  S, 
and  at  Righc-anglesto  it  the  Equator 

a.  Set  otfthe  Semi-tang,  of  37  deg. 
30  min.  the  Compkmem  of  the  hour 
from  Noon  reduced  into  I>egree$»(£rc. 
in  the  Equator  ftom  T.  to  ®,  dicn 
will  O  reprefent  the  Place  of  the  Sun  thro'  which  point,  and  the 
.  Zenith  and  Nadir,  if  the  Azimuth  or  Vertical  Circle  Z(^RN  be 
drawn,  the  thing  is  done ;  and  HR  the  Azimudi  from  the  Meridi- 
an, may  be  mcafured  by  Cafe  the  id  oi  Problem  the  'jtb^^  o(St£h'0n 
the  id,  and  ®  jR  the  Altitude  may  be  meafured  by  Cafe  dicidai 
thcfzmcProHent. 

LogarithmieaVy,  or  by  Cakulatifm. 

In  the  Spherical  Triangle  Of  R  Right-angled  at  -ft,  arc  given, 
®  r  the  hour  from  Six,  and  the  Angle  0  'V"  it  equal  to  the  Arch 
A  Mt  the  Complement  of  the  Latitude  of  the  Place,  whence  to  find 
fi>  R  the  Sun's  Altitude  at  that  time,  it  will  be  by  the  oi  Examfie 
of  the  5  th  Cafe  of  Right-angled  ^herical  Triatigles^  As 


As tlic Radius     ■■   .  ■'  '  ' — "   '^  "  /'^   \  '^  ^■■»^"'  '■  ,ro.oooQb^6 

f  6  thfe Ca-flne  6f  the h6ttf  Irom  Nobti  5^.30  '   ^"    ».784447t 
2S0  is  tli<j1p6-fiQC  of  thft  Latitude  5 i-ji-*-^^-- — m,^^<    '9.79385 17 

To  the $ine 6f  dilt  llbigfat  it  tHacH6ur  it.t^My  ^      9.57<i788 

Whether  it  W  Fdrthooo  or  Afternoon, 
a;  To  find  rhcAtutAtith,  it  v^il  be  by  Ae  «i  £x«Mi^  of  the  4rit 

As/l  :c$,®  r  A  :  :t,  O  V  i,t,rit  J  tHiti^ 
-  At  the  Radios"  '    ■.      '  '* '  i  ■  — — —  lo.oooo^oa 

To  thp  Sine  of  tlie  Latitude  5  i.^^a  — — - — ■ ^89374$* 

So  is  the  Co-tangent  of  the  hour  from  t^ooai  5  i.gor-^^.884p8d5 

...  -.-.-. 

^oche  G>*nuig.  of  the  Aziin.  &<Mn  die  Mend-  59.oo-'io  97787a;7 

Which  mnft  becoantqd  from  the  invUible  Fole^  fi>  that  it  if 
^f  time  givCT  Jbejq  the  f  Of cnwi^  it  IS  Soikh  ypdeg.  oo  iriin.  lo 
|«c«  Eait  but  if  the  time  sivenjbe  in  the  Afternoon,  it  is  South  5J1 
4fig.  00  inin,  10  fee.  Weft,  or  aecording  to  the  Naufical Phrafe^  the 
Sun  at  half  an  Hour  pail  Eight  in  tUe  Mbfnihg  appears  S.  £.  by  £. 
i  ^i^oear^i  and  in.tjic  Afternoon  at  half  an  Hour  pail  iThtcchcatt- 
^aisS.W,.bvW.iWcflcriK^^^^^^  ^  ^ 

And  becauie  ip  the  fame  Place  the  taritiide  retfiaihing  th^  (i\3M, 
idi^  8ifie9of  the  Attitude  are  diredly  proportional  to  thi  C6-firies  6i 
^t  hikit  from  Hood,:  it  IbUows,  diat  the  nearer  the  tiine  i^  to  Noon 
dbfl  greater  is  the  Al^tude,  till  when  the  Sun  arHves  lipon  the  Mi- 
rHdiltiu  the  Alficude  b^c^iies  iqjuai  fo  the  Comf^ehicnt.of  th6 1^ 
^udf^  and  tl^  fixom  wiU  happen  to  alT  the  Inbabicahts  Ubob  the 
Earth. 

For  when  the  point  O  arrives  at  A,  T  ©  will  becbiAfe  ^yOX  tb 
T  ^  or  a  Quadrant,  and  ©  il  will  become  equal  to  AK 
'    Atid  on  the  contrary,  the  greater  is  the  diftance  of  the  time  from 
Noon,  the  lefler  is  the  Altitude,  and  the  greater  is  the  Azimuth,  till 
when  the  Sun  is  got  at  a  Quadrantal,  or  at  the  diilance  of  Six  Hours 

R  r  r  r  from 


i 
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from  the  }4^di^x\^he . Altitude,  vaniihesi  fnc^  th<|  A^math  be- 
^comes^quaLto.gQ.Dcgrees  or  a  C^adranc,  anc{  ttie^^un 'appears  ^t 
Rifing  and  Setting  in  the  Eaft  or  Weft  points  oFtlie'Horiion  ;  and  this 
happens  at  this  tinae  to^aU-the-Inhabitaacs  .upo/i  the  Eartiv  except 
juft  under  eitherx)f  th.e  Pples:  For  when  t^c  point  .®  arrives  at  T, 
the  points®,  A,  and  T^  coincides,  ahd'cbrifequcriti/the'Arch  ®it 
vanittics,  and  the  Arc!?  ^^  beeches  eg  Wltp.^^  ....     . 

Agaia,  the  Hour  remaining  the  fame,"  becaufe  the  Sine  of  the 
Height  is  direftly  proportional  fo  the  Cj^-finc  of  the  l^atitude^  aod 
the  Co^wogent.of  the  Aaiiixuth  ^to  the  Sine  oF,tbe^iatii;ude,  it  .fol- 
lows, that  the  greater  is  the.Latx?U|^ey;|;hc  Je0€y  will.. be  ^thc  Alti- 
tude and  the  A^^niu^ch  frojfti  the  Meridiaii  at  tte^faihc  time;  and  con- 
fequcntly'  when  the  Latitude  is  eqifal*  tO  a*  QuaSrkhr  x)r *po  Degrees 
the  Altitude'  vahiflicsrartd  the  Snn- appears- m  the  Horizoa at  the 
Azimuthal  diRance  of  the  Hour  converted  into  Degrees  from  the 
JMeridian,  and  thlsTilppcns  parti<mljarry  to  thofe  whodweB  uiidtr 
either  of  the  Pcfles; '^^^''^  ^  *-"■ -''—'^'-'    --    ••  ■  ^    =■     -'' 

Tor  when  the  Pole  Point.  P.  coinddes.  yith  the  Zenith  Point  2 
the  Equator  -4jQ^coincides  with  the  HoHzon  HO,  at  which  time 
^the  Arch  OA yaoifhes,.  and  H^  becomes  equal  to  A  ®. 
*  And  on  the'contrary, it  foflows, '  that  the  leffc?  is  the  Latitude,  the 
'greater' will  be  the  \Aftitude'ind  Azimuth  froirf  the  Meridian  ae  the 
ftimc  tiiiie,  till  when  the  Latitude  teafcsi  the  Altitude  tecomesc- 
qual  to  the  Compteihent  of ,  the  Uoui:  :^oni  Noon  converted  into 
Degrees,  and.  the  Azimuth  becomes  conilantly  eqdar  to  a  Quadrant 
or  po  Degrees,  and  cocrfequently  the  Prime  Verticall  be^6mes  the 
Path  of  the  Sun's  diurnal  Cqurfe  ;  and  this  happens  particularly  at 
this  time,  to  all  thpfe  who  dwcUunder  tfie'Equito^i    '      ^ 

For  when  the  Pole  Point  P  coincides  with  the  Morthermoft  Point 
of  the  Horizon  O^  the  Axis  or  Six  a  Clock  HodrCircle  coincides 
with  the  Horizon,  and  the  Equator  A  j^  coincides  with  die  Prime 
Vertical  Z  AT',  at  w*ich  time  the  point  15  returns  into  T,  the  Arch 
r\ft  vaniflies;  and  HR  becomes  equal  to  J9  r,  and  r  0  becomes 
equal  to  Hm.. 


X  .  I 


Prob« 


f    -b    •./.«« 


jiftnfiomkd  (ProUems.. 


<  ^  '-  '  Probi-    V. : "-  • 


3'y 


••»*  «»'   ,i* 


: .    .  ■  Cufe  a; 

^ .  T^Sun^hcing  .in.  Ebe.Equacor  th_erc  is  given,  the  Latitude  of 
the  ?l5Vx,aad_the..Altitude,of  tiieSwiK  tpfind  thc,A?iniuth  of  tin; 
SuaatuLbfluiLpf  the  Day:    '*  ""  ' "      '  '■•"■'  ■^  -■■'  -■     ■ 


•  »>    ^ .   I 


J    ^ 


<    * 


I  •    ' ,    -  _  ExafHpfe: 

IiLXhc.  Latitude  of  51  dcg.  32  min.  North,  the  S'un'bein^in  the 
lEquatpr  h^s  Alticud^  is  fpun()  by  Obfcrvation  to  be  22  deg.  1 5  min. 
68  fcc'k:  ;i  acraan^dtht^AzItriutbafni  frouVof the  Day.  ^  -     .  '* 
Tlitf  :Stereo^raphic  SolutiinufQn  the  plane  of  the  Meridian. 

I.  Having  drawn  the  Meridian 
ZONHy  the  Horizon  HO,  and  at 
Rigl^t-angles  to  it  the  Prinic  Vertical 
2  Df,  fee  off  the  Latitude  of  the  ' 
Place  froni  O  to  P,  and  draw  the 
Sfac  a  Clock  iibur  Circle  PS,  arid  it* 


Right-angles  to  it  the  Equator  A\Qj.  . 

2.  Ab6ut  the  Zenith  a«-a^  Pole^  .- 
defcribe'  the  Small  •  Circle  m  0  »,  « 

the  diftance^of  67  deg.  44  min.   5  2 

fec«  the  Complctnent  of  the  given ,, 

Altitude,  by  Cafe  the  id  of  Problem  the  4/A,  ot  &5/i«  the  ii,  whet^ 
tbis.io*rft*^S;?hcJEquatoras  iathc.ppipt  ©,  it.rwill  give  the  Placc 
of'ttecSun.  "•'"■/,  "  .;  ;.''  '  .''  ^ '^    :'  • 

3 ,  Thro'  the  points  Z,  O',  and.  2V;  l^t  the  Vertical.  Cirde  Z  ®  2V 
be  drawn,  and  the  thing  is  done  ;  and  ,4 .0  the  Hour  from  Noon 
and  HK  tf\e  Aziniuth  from  the;  Meridian,  niay  bemcafured  by  Cafe 
^  24 Cf  P/pfflem  tlie*  yti,.  of  SeWW  the  irf-    '       /  * 

:   .  -LogaritbmicaBjj  oriy.Cahulatioit. 
In  the  Spherical  Triangle,  r  ®  il  Right-angled  it  /J,  arc  given, 
the.Anglc  ®  T^^il  cijuai  to  th^  Arp^^  ^  //,  cqualW  the  Complement 
cf  she  Lati^uacj '  a^a;  ®  ^/l  the.  ^n^^^^  Whchce  to  find  firft 

r  jR  the  Complcnient  of  the  Aijmvth.'frbiti  the  Meridian,  it  will 
b6  b^  the  gth  Cafe  of  Right- angled  Sfhmcal  Triangles, 

Rrr  r  2  As 
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As  the  t,©  r  Ri  Ri  :  t.€>il:S.it  r ;  thatis, 

\  As  the  Co-tangent  of  the  Latitude  5^.3  a-  9^90008^$ 

To  the  Radius ■     ■  1 0.0000000 

f  So  is  the  Tangent  of  the  Alcitude  22.r5.08i         ■ 9.61 18905 

TocheCo-fineoftheAziiputlx from  the  Meridian)       ^    o- 
,p.oo.ip  -, r ^ ^— ' —  r  ^-7'  '^<° 

This  if  the  Altitude  was  (4>fi»ired  when,  the  Sun  isras  ^cending  or 
in  the  Morning,  is;  South  59  d^>  00  min^  10  Tec.  Eaft^or  S,  E.  by 
£  i  E.  but  if  the  Altitude  was  taken  when  the  Sun  was  defcendiri^ 
or  in  the  A&s^noon,  it  is  South  59  deg.  qq  min.  10  fire,  or  S.  W.  by 

•.  T6.find  jth^.  hour  of  the  l)9y>  it  will  by  Qflfe  die  lOtbrfRi^t^ 

As^®rR'.Rx  :S  ©il:S;  ^  r ;  that  i$> 
Asthe  Corfln^  of  the  latitude  51.32  -T---~--r-r~'?"9  7i?3 83 17 

To^the  Radius  -'^-: » ■  ■  ■    ■■  <'^'  f.  »   ^     ■  ■    xo-ooooooo 

So  is  theSiaeottbe  Altitude  2a>i;.a8i      .■  ■.     9.578»788 


tm 


To  the  Co-fiqeof  the  Hour  from  Noon  5  2. 30        ■ »  9-7844471 


Whieh  being  reduced  into  Time^  will  give  3  h.  30  m.  for  the  hour 
of  the  Say. in  the  Aftfrnopn,  K  the  Sun  wa^si  in  the  Weftem  Semi* 
cirde,  but  fiibftra&ed  from  1 2  hours  will  give  8  b.  30  m.  in  the 
Morning,  if  the  Son  wa$  in  the  E^em  Semi-circle. 

This  Cafe  is  doubtfol,  as  appears  by  the  9th  Qnfi  of  Mighi-^of^Ud 
Spherical  Trianglesy  zni  the  Copfiru^on;  and  as  Y^  ®  gives  th^Hoor 
leckoned  from  Six,  fupppfe  in  the  Mornin|^  its  Supplement  or  the 
Side  of  the  great  Txi^p^k  g;ivcs  the  hour  m  the  Aftemaon,  cotnted 
from  the  fame  hour  of  Six ;  andthe  Supplement  of  ii  T  or  Side  ok 
theiame  Triangle  giy^s  the  Azimuth  ixi  the  Afternoon,  counted 
from  the  Eaft  point  of  the  Horizpn. 

Prob. 


Jftronomical  ^r^bUms. 
Ptob.  V. 

Otji  3. 


J»7 


The  Sun  heine  ia  the  Equator  there  is  given^  bis  Altitude  and 
Azimutht  to.  find  the  Hour  of  the  Day  andLaticude  of  the  Place. 

Examph. 

The  Sun  being  in  the  Equator*  his  Akitude  was  found  by  Obfer- 
vatioa CO  be  ^1 4eg,  ijimin.  oSiec.  t»  andat  tl^i^etimehisA- 
zintttli  was  determined  to  be  South  59  deg.  00  min.  10  fee.  Eaft. 
I  dtmand  the  Hour  of  the  i>ay  and  Latitude  of  the  Place  of  Obfcr- 
vation. 

"tht  StiTfopafhic  Aiutiw  upim  the  Plane  if  the  Meridiaiu 

1.  Having  drawn  the  Meridian 
ZO  NH,  the  Horizon  HOy  and  at 
Right-angles  to  it  the  Prime  Vertical 
Z  N,  fet  oflr  the  Semi-tangent  of  3  o 
deg.  5  9  min.  ;o  fee.  the  Complement 
of  the  Azimuth  hrom  the  Meridian^ 
from  T  to  R^  and  draw  the  Vercica] 
Circle  Z  Sit  iV. 

3.  Set  oflf  the  Altitude  of  the  Sun 
13  deg.    15  min.   08  fee.  i,   in  the 
Vertical  Circle  laft  drawn,  from  R 
to  ®,  by  Cafi  the  gi  of  Protlem  the  6ti,  ofSeBm  the  2dy  this  will 
give  the  Place  of  the  Sun. 

2.  Thro'  ®  and  the  Center  IT,  draw  the  Equator  AT  Q^  and 
at  Right-angles  to  it  the  Six  a  Clock  hour  Circle  P  T  s^  and  the 
thing  is  done  5  and  A  0  the  hour  from  Noon  may  be  meafured  by 
Cf^t  the  id  oiPrnkkm  the  'jtk^  of  SeSikii  the  %dy  and  the  Angle 
®  TR  equal  to  ^e  Arch  4M^  eiqual  ta  the  Complement  of  the; 
Latitude,  may  be  meafured  by  the  Um  of  C herds* 

Logarithmically,  or  iy  Calculation.. 
Jn  tjic  Spherial  Triangle  ®  Tjfi  Rigfit-angled,at&,  ans  giisen, 
T  AthcComplemepc  of, the  Aaiio^tb  frpm  the  Meridian^  and  c  jR 
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the  Sun's  Altitude,  whence  to  find  the  Angle  ®  T  A  the  Comple- 
ment of  the  Latitude,  it  wiil  be  by  Cafe  the  td  o( Rigbt-dfigUd 
Spherical  Triangles^ 

AsS.rk:R::t^®R:tj®rR;  that  i$. 
As  thp  Co  fine  of  the  Azim.  from  the  Merid.  5P.90.10—P.71 18040 

To  the  Radius ■  — — 10  0000000 

So  is  the  Tangent  of  the  Altitude  22.15.08  k -*—  P-^i  18905 

-    To  tteCo-tangcnt  of  the  Latitude  51^31  ■  1     ■■'■'    «    9.90008^5 


.  >  ■'  I   ■  •  * 


Whichns  Northerly,  becaufe  the  Azimuth  counted  from  the  Soudi* 
ern  part  of  the  Horizon  is  lefs  than  a  Quadrant. 

2.  To  find  the  Hour  of  the  Day,  it  will  be  by  Cafe  the  ift  of 

.Right'^angled  Spherical  TriangleSy  .         :  : 

..  As  thcil:  cs,T  R:  :cs,Q>RfCS^  Or  ^  tb^t  is,  \ 
As  the  Radius  *     ■*  laooooooo 


To  the  Sine  of  the  Azim.  from  the  Meridian  59  00.  iQ 9'9aoj\i% 

^.  So  is  the  Co- fine  of  the  Altitude  22.150^^        >        ■  g-y<^<^3  884 

To  the  Sine  of  the  hour  from  Noon  52.30 «   >  p.Sst9^66 

This  being  reduced  into  Time,  and  fubftraded  from  twelve  hours 
rbecaufe  the  Azimuth  is  Eafterly)  or  bccauic  the  Sun  is  in  the  Eaft- 
ern  Semi-circle,  will  give  8  h.  jom-  for  the  time  of  the;  Day  in  the 
Forenoon. 

Prob.  V. 

/    i  .      •      Cafe  4-' 

The  Sun  beingm  the  Equator  there  is  given,  his  Altitude  and  the 
hour  of  ibe-Day,  10  find  the  Azimuth  of  the  Sun  and  the  Latitude 
ot  the  Place. 

•v  ExarHfle* 

The  Sun  being  in  tlie  Equator  at  30  minutes  pal^  Eight  in  the 
Morning,  the  Sun's  Altitude  was  found  by  Obfovation  to  be-  a  a 

deg 


Jjitomtnical  problems. 


i^9 


.4egi  ij;  m%  .??/cc»  i   .1  dcmnd^  the  Azimuth  and  Latitude  of 

'I  he  Stereographic  Glutton  ufon  the  Plane  of  the  Meridian. 
\.  ,i^..Hawng  drawa  jthc   Meridiaa  ,    , 
Z  O  Ni/,  the  Horizon  HO,  and  at       ^  ^ 

Right-angles  to  it  thc^^Primjf  Verti-  , 
cal  2  iV,  aboiit  the  Center  r,  at  the 
diftance  c«f  57  deg*-  3©  mip/ the  Se- 
mi-tangent of  the  hour  from  Six,  de- 
fcribe  tbc^Small  Circle  G  <S>  q. 

-i.Ar-tht  diftance  of  57  deg.  44 
mih."  y2  (ec-rhe-CompIemcnt  of  the 
Sun's  Altitude,  about  the  Zenith  as 
a  J^ole,  dcTcribc  "the  Small  Circle 
191  ©  »,  by  Cafe  the  li  of  Problem  x^c 
4tb,oi  SeSiion  the  idy  where  this  intcrfefts  the  Small  Circle  before 
drawn  zs  at  ©',  it  will  give  the  Place  of  the  Sim.  * 

g.  Thro'  the  point  ®  and  the  Center  T,  draw  the  Equatorv^  V  jQ^^ 
and  the  Vertical  Circle  Z  ©iVthro'  the  fame  point  O  and  tha 
points  Z  and  N,  and  the  thing  is  done  ;  and  HR  the  Azimuth  from 
theMeridian>  may  be^ncafuced  byC^JT^^hci^i  di  Problem  tlic 'jth^ 
oiSetiiott  the  id,  and*  the  Angle  ©  T  it  equal  to  the  ArcH  A  H^\ 
equal  to  the  Complement  of  the  Latitude  by  the  Line  of  Chords^     • 

LogarithnticaByy  or  by  Calculation. 

In  the  Spherical  Triangle  Q>  r  R  Right-angled  at  /i,  are  given; 
©  T  the  Complement  ofthe  hour  from  Noon,  and  OR  the  Alti- 
tude ^  the  Sttn>  whence  to  fihd  T  /I  the  Complement  irf  the  A^zi- 
muth  (Vom  the  Meridian,  it  will  be  by  Cafe  the  i^th  ^f  l&ghp^ngJei . 
Sfberical  Triangles^ 

..      ,    A$cs,®ii:il:  :cs,r  ©  :cs,/{.1^;  thacis^         ,  ., 
As  the Cbrfinc ofthe  Altitude  22:1508  i^  r  ^  •   > 9*966i^%i? 


To  the  Radius- 


So  is  the  Sine  o(  the  hour  from  Noon  5  2.30 


10.0000000 

-p.8^94dtf7 


Ta  the  Sine  oi  the  Azim.  from  tlieMerid.  5p.ooao--^«93^8^ 


■kt 


•  A        ^    I 


To 


1  lo  Afinmomcd  ^rohltms. 

To  be  Cdtmted  Eftltetly,  becauft  the  Obfenratiwk  iras  Muk  k 
the  Forenoon,  but  whether  from  the  North  or  South  is  aoc  fuffiei- 
ently  determined  in  the  Qtteftion. 

a.  To  find  the  Latitude,  it  will  be  by  the  iph  C^e^Rfgbt'afiled 
Sfherical  Trup^letf 

AsS.  r  0 :  S.  ©  il :  :  A  :  S.  0  r  jRi  that  if, 
Af  the  Ci&-finc  of  the  hoar  frota  Noon  yt>3o    i  >»■■»■   9.7844471 

.  'To  the  Siftc  of  the  Altitude  »^.i5.o8| — *^ •——9.5782789 

So  is  the  Radilas' ■  »»■   .  10.0000000 

I'o'thc  Confine ofthfe  Latitude  $1.$%         ■  9*791^^^^ 

Bm  whilhct  it  be  Korth  or  South  doth  oot  appear:fi:< 

Cafe  J. 

The  Sun  being  ia  the  EquatOt  there  is  gtvtn^  the 
Pay  an4  Atimuth  of  tbeSan^  tofibd  his  Altitude^  and 
of  the  Place  of  Obferratiob. 

Examfk. 

The  Sun  being  14  the  Equator  ^t  half  an  hour  baft  Three  h  the 
Afternoon,  the  Atiiimuth  bf  the  Sun  was  fbuhd  by  Obfctvation  to 
be  South  J^  deg.  60  min.  lo  fee.  Weft.  I  dcttiand  the  Latitude  of 
the  Place  and  height  of  the  Siin. 

Anfwer. 

The  Sub's  Akitode  t^  tsdeg.  if  itiia.  08  feci,  and  thfc  Lati^ 
kdde  i>f  the  PUcc  of  Obfetvation  ;  i  deg-  j  a  mia*  Nortfe. 

Cafe  6. 

The  SuA  being  ]n  the  Equator  there  is  given,  th6  Latitude  of  the 
l^zCc  ztid  Azimuth  of  the  Sun,  to  find  the  Altitude  ind  hbuf  df  tht 
Day. 

ExanfU' 

In  the  Latitude  of  5  ideg.  ;  2min.  North,  the  Sun'sAzimnth  being 
fbimd  byOtrfdrftttiofe  to  b«  Sotttti  f^cfogt  o6}Mp^  ttfit^W^. 
i  demand  the  hoiir  of  the  Day  and  Altitude  of  the  Sun,  he  being 
^uppofed  to  be  in  the  Equator.  Anfxver. 


^firmmml  fnkhmt,  1 1 1 

Tbo  S»n's  Altitude  i$  f^dcg.  ij  min.  08  (^6- i,  «9d  the  H<m 
h}lf  aa  Hopr  p^  £i^c  in  tb^  Morning;. 

<^  ?• 
The  Sun  being  m  the  Equator  there  is  given,  the  Latitude  of  the 
Place,  and  Angle  formed  by  the  Vertical  Circle,  paffing  thro*  the 
Sun  and  the  Equator,  to  find  (he  Altitude  and  A?&imuch  of  the  Sua, 
and  hour  of  the  Day. 

In  the  Latitude  of  y  i  d^g.  3  %  min-  North,  the  Sun  being  in  the 
Equator  there  is  given,  the  Angle  that  the  Vertical  Circle  paffing 
thro*  the  Sun  forms  with  the  Equator,  equal  to  57  deg.  ^^6  min.  yi 
fee.  to  find  the  hour  of  the  X?ay,  Altitude  and  Awmuth  of  the 
Sunt 

The  Altitude  is  %z  deg.  15  min.  cjfcci,  Aximuth  South  j9 
deg.  00  min.  lofecEaftorWeft,  and  the  Hour  8  h.  jom.  in  the 
Morning,  or  3  h,  jo  m.in  the  Afternoon,  according  as  the  Sun  is 
in  the  Eaftem  or  WeAem  Semicircle, 

Cafi  8. 
^  The  Sun  being  in  the  Equator  there  is  given,  the  hour  of  tho 
Pay  and  Angle  lormed  by  the  Vertical  Circle  pafling  thro  the  Sun^ 
and  the  Equator,  to  find  the  Altitude  and  Awmuth  of  the  Sun,  and 
the  Latitude  of  the  Place* 

The  Sun  being  in  the  Equator  at  half  an  Hour  paft  Three  In  the 
Afternoon,  the  Angle  formed  by  the  Equator  and  the  Vertici^l  Cir- 
cle paffing  thro^  the  Sun  was  found  to  be  57<J^»  i^wii"-  J  J 'CO 
I  demand  the  Altitude  and  Awmuth  of  the  Sun,  and  the  Uticudo 

of  the  Place, 

The  Sun's  Altitude  Is  »tdeg.  ij  min.  08  fee.  f,  the  A%U 
muth  59 deg.  00  min,  10 fee.  Weft,  and  Latitude  si  d«g.  xi  mm, 
bot  whether  the  Latitude  be  North  or  South,  and  whether  the  A?i« 

S  s  s  9  Muth 
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muth  mud  be  .counted  from  the  North  or  South^t  is  not  fufficlentlv 

<ieternuncd  in  the  Quefiiou. 

Cafe  p; 

The  Sun  being  in  the  Equator  there  is  given,  his  Altitude^  and 
the  Angle  farmed  by  the  Equator  and  the  Vertical  Circle  paffing 
thro'  the  Suii^  to  find  the  Latitude  of  the  Place^  Azimuth  of  the 
Sun,  and  hour  of  the  Day« 

Examflr 

The  Sun  beiag  in  the  Equator,  the  Altitude  of  the  Sun  in  the 
Eaftern  Semicircle  was  found  to  be  22  deg.  1 5  min.  08  fee.  J,  when 
the  Angle  formed  by  the  Equator  and  the  Vertical  Circle  paffing 
thro' the  Su'i  was  57dcg.  46  min.  35  fee.  I  demand  the  Latitude 
^f  the  Place^  Azimuth  of  the  Sun,  and  hour  of  the  Day. 

Anfwer. 

The  hour  of  the  Day  is  30  minutes  pad  Eight  in  the  Morning, 
the  Azimuth  is  $9  deg.  00  min.  10  fee  Eaflcrly^  and  the  Latitude 
5 1  deg;  3  2  min.  but  whether  the  Latitude  be  North,  or  whether 
the  Azimuth  muft  be  counted  from  the  North  or  South  points^  of 
the  Horizon^  is  not  fufEciently  dtttermined. 

.   Cafe  lo.  Doubtful 

The  Sun  being  in  the  Equator  there  is  given  bis  Azimudn  Md 
the  Angle  formed  by  the  Equator,  and  the  Vertical  Circle  paffing 
diro'  the  Sun,  to  find  the  Latitude  of  the  Place,  Altitude  of  the 
Sun,  and  the  hour  of  the  Day. 

Examfk, 

The  Sun  being  in  the  Equator,  his  Azimuth  in  the  Morning  w« 
found  by  Obfervation  to  be  South  59  deg.  00 min.  10  fee.  Ealt,  at 
the  fame  time  that  the  Angle  formed  by  the  Equator  and  the  Verti- 
cal Circle  pafling  thro'  the  Sun  is  57  deg.  46  min.  3  J  fee.  I  dcnmid 
the^Latitude  oidie  Place,  Altitude  of  the  Sun,  and  hour  of  the  Bay. 

Anfv)er. 

The  Latitude  of  the  Race  fs  51  deg.  3*  min.  North,  the  Altitude 
«f  the  Sun  is  2  2  deg.  1 5  Min-  08  fee.  i,  and  the  hour  ef  the  Day 
is  half  an  hour  paft  Eight  in  the  Momimg.  Psob« 


Jfironomical  TroMems, 
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3M 


The  Sun  being  in  any  point  of  the  Ecliptic,  his  Declination  i« 
given,  together  with  the  hour  of  the  Day  and  Latitude  of  the  Placc> 
to  find  his  Altitude  and  Azimuth  at  chat  time* 

Example. 

In  the  Latitude  of  51  deg.  32  min.  North,  the  Sun  having  19 
deg,  39  min.  10  fee.  I  North  Declination^  his  Altitude  and  Azi- 
marh  is  required  at  half  an  hour  paft  Eight  in  the  Morning,  or  at 
half  an  hour  paft  Three  in  the  Afternoon,  at  each  of  which  times 
he  is  equally  difUnt  from  the  Meridian. 

7%e  Stereografbic  S$luthn  ufm  the  Plane  of  the  Meridian, 

• 

X.   Having  drawn   the  Meridian  *^_ 

ZONH,  the  Horizon /fO,  and  it 
Right-angles  to  it  the  Prime  Vertical 
Z  ZV,  fetoffthe  Latitude  of  the  Place 
from  O  to  P,  and  draw  the  Six  a 
Qock  hour  Circle  PS,  and  at  Right- 
angles  to  it  the  Equator  A  Q. 

a.    Thro'   the  Pole  P  draw  the 
Hour  Circle  P®  S,  forming  an  An- 
gle of  51  deg.  30  vfxin.  with  the  Me- 
'  ridian,  equal  to  the  time  from  Noon 
reduced  into  Degrees,  &c.  by  C^fe  the  jrf  of  Proilem  the  9tb,  of 

^,  Set  off  the  Declination  of  the  Sun  ^  (in  this  (Cafe  to  the  North- 
ward of  tV^  Equator,  bccaufe  the  Declination  is  Norcb)  in  the  hour 
Circle  P  X  from  x  to  ®  (by  Cafe^xhc^d  of  Protlem  the  6tb,  oiSec^ 
tkn  the  id)  this  will  give  the  Place  of  tbe.Sun. 

.    Tu^^'  •.!,-.  7>nith  and  Nadir  and  the  Doint  ©•  draw  the  Vcrti- 
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Sun's  Zenith  Diftance,  or  the  Complement  of  his  Altitude  may  be 
mcafurcd  by  Cafe  the  3^  of  Problem  the  ^tby  of  the  fame  Settien. 

"fo  find  the  Requijites  ty  Calculation. 

In  the  Oblique-angled  Spherical  Triangle  2  P  O  arc  given,  Z  P 
equal  to  the  Complement  of  the  Latitude,  P  0  in  this  Cafe  equal  to 
the  Complement  of  the  Sun's  Declination,  or  his  diftance  from  the 
North  Pole,  and  the  Angle  2  P  0  the  hour  from  Noon,  whence  to 
find  firfl  the  Angle  P  Z  ®  the  Azimuth  from  the  Meridian,  it  v^iU 
be  by  the  1  oth  Cafe  of  Oblique'attgkd  Spherical  Triajr^les,  having  ficil 
kt  fall  the  Perpendicular  ®  R. 

As  the  /{ :  cs,  Z P  O  :  :  t,  ©  P  :  t,  P  /{ ;  that  is. 

As  the  Radius  — ■*■'    '         ■  lo.ooooooa 

To  the  Co-fine  of  the  hour  from  Noon  52.30 ~-9784447i 

So  is  the  Cotangent  of  the  Declination  1p.39.10  i 10.4471783 

To  the  Tangent  of  a  fourth  Arch  PR  5p.35.0S  —  10.231^254 

— — ^— — — ^■■■«  ^ 

If  from  the  fourth  Arch  PR  equal  to  5pdeg.  3  5  min.  08  fee.  be 
taken  the  Complement  of  the  Latitude  Z  P  equal  to  38  deg.  28  mia. 
there  will  remain  Z  R  equal  to  21  deg.  08  min*  08  fee.  which  we 
will  call  a  fifch  Arch,  for  P  if— Z  P=Z  P  (See  the  Figure)  wIkic- 
fore,  by  the  fame  9th  Cafe  oi  Otlique,  &c  it  will  be, 

k%S.ZRiS.PR:  :  t,<P:t,<2;  that  is. 
As  the  Sine  of  the  stkAtchZRo  21.08.08 9'55^pp55 

To  the  Sine  of  the  4^*  Arch  P  R  5p.35.08    p,p3  5775P 

So  is  the  Tangent  of  the  hour  from  Noon  5  2.30 lo.i  1501P5 

To  the  Tang,  of  the  Aiim.  from  the  Merid.72-12.54    104937915 

Which  in  the  prefent  Cafe  becanlc  the  Latitude  is  North,  and  the 
Angle  PZ®  Obtufe,  mufl  be  counted  from  the  South  point  of  ^ 
Horizon  ;  wherefore  it  the  time  given  was  in  the  Forenoon,  the  A- 
sumuth  is  South  72  deg.  12  min.  54  fee  Eaft,  or  E.  S.  E.  i  E.  neir- 
ly,  but  if  the  time  given  be  in  the  A  (temoon^  the  Asimutb  is  Sooth 
7»  deg.  12  ttin,  54  fee.  Weft,  or  W.  S.  W.i  W.  nearly. 

.  a-  To 


Jftnmmicdl  Tnhlem.  j  i  j 

%.  To  find  the  Altitude^  it  will  be  by  the  loth  Cafi  cf  OHijui- 

ksthtct,PR:csZR:  :  c  s,  />  ©  :  c  s,Z  4&  5  that  ts, 
As  the  Co-fiacof  the  ^th  Arch  PR  jp.56.08  -— — — 97041508 


mm* 


To  the  Co-fine  of  the  pb  Arch  ZR  21.08.08 "9*9^97559 

So  is  the  Sine  of  the  Declination  i9-39.ip  4~r. — • — 9  5^^7^J7 

To  the  Sine  of  the  Altitude  38.18.4tf  !■■■         -  ■    ■     97923608 

Which  is  the  fame  both  Forenoon  and  Afternoon. 

Or, 

The  A2imnth  being  firfl  obtained,  the  Altitude  frofn  thence  may 
be  found,  by  the  help  of  the  jd  jlxiom  o( Spherical  7rtangles  in  Page 
the  ,  or  the  Altitude  being  firfl  Invefligatcd,  the  Azimuth 

may  from  thence  be  Calculated  by  the  help  of  the  fame  A^iom. 

Pfob.  VL 

Cafe  a. 

Given  the  Latitude  of  the  Place,  and  the  DeclinatioQ  X)f  the  Sun 
together  with  his  AJtitude^  to  find  the  hour  of  the  Day  and  Azi- 
muth. 

Example. 

In  the  Latitude  of  51  deg-  32  min.  North,  the  Suh  having  19. 
deg-  39  min.  10  fee- 1  North  Declination,  his  Altitude  was  found 
by  Observation  to  be  38  dt%,  18  min.  45  fec.|.  I  demand  theho^r 
of  the  Day  and  Azimuth  of  the  Sun- 

The  Stereegraphic  Solution  upon  the  Plane  of  the  Meridian. 

1.  Having  drawn  the  Meridian  70NiI,  the  Horizon  ^0,  mi 
at  R^ht« angles  to  it  the  Prime  Vertical  Z  iV,  fetofi' the  Latitude 
of  the  Place  from  0  to  P^  and  draw  the  Six  a  Clock.hQur  .Circle  P.S, . 
aikt  at  Right-angles  to  it  the  Equator  ^^.  i  _       ^.Z 

2.  About  the  Pole  P,  atthediiUnceof  7bdegra0lmin/49(ec^^ 
the  Complement  oJF  the  Sun^s  Declination  becaufe  the  Declination 
is  Norths  draw  the  Small  Circle  R®^^  by  Cafe  the  2d  of  Problem 
the  AtK  ^StEiion  the  %d. 

3-  At 


^i6 


Ajironomtcal  TrohUms. 

3*  Ac  the  diftancc  q£.  51  d^.  41 
mm.  13  fee.  I,  the  Complement  of 
the  Sun's  Altitude,  about  the  Zenith 
Z,  defcribe  the  Small  Cirt  Icm®  u, 
by  the  fame  Ctf/lr,where  this  Circle  in- 
tetfe£i6  the  Smalt  Grcle  R®  q  zsin 
the  point  O;  ic  will  give  the  Place  of 
the  Sun  at  that  time* 


4«  Thro  the  point  ®  and  the  Ze- 
nith and  Nadir,  draw  the  Vertical 
Circle  Z  ®  //,  alfo  thro'  the  fame 
point  0  and  the  two  Poles,  draw  the  hour  Circle  P  ®  Sy  and  the 
thing  is  done ;  and  the  Angle  O  Z  P  or  Arch  oi  the  Horizon  x  O, 
the  Azimuth  in  this  Cafe  from  the  North,  may  be  meafurcd  by  Cafe 
the  id  o(  Proilem  the  lotb,  or  Cafe  the  2d  oi  Problem  the  jth^  of 
SeHign  the  2i/,  and  the  Angle  Z  P  ®  or  Arch  of  the  Equator  j  Q^ 
the  hour  from  Noon,  may  be  meafurcd  by  the  fame  Cafes. 

Among  the  great  priety  ok  Logaritbmkal  Solutions  that  may  be 
given  to  this  mod  ufcftil  Problem  (as  the  Reader  miy  fee  if  he  Con- 
ivAt  the  iith  Cafe  of  Ohlique-mgUdSf  her ical  Triangles  inPagethit  109th 
or  the  6thy  'jth,  and  %th  Spherical  Axioms^  contained  between  the 
illd  and  i^ifi  Pages)  I  fhall  make  Ufe  of  two  or  three  that  arc  the 
moft  ready  and  eafy  for  that  Pdrpofc. 

1.  If  the  Latitude  c^  the  Place  and  Declination » of  the  Sun  are 
both  North  or  both  South,  fubftraA  the  Declination  from  90  De* 
grees  or  a  Quadrant,  but  if  the  Latitude  and  Declination  are  con- 
trary, thit  is  if  one  be  North  nd  the  other  South,  add  the  Declina- 
tioh  to  ^o  Degreed  or  a  (^adtant^  and  call  the  Sum  or  Difcrcoce 
the  Diftancc  of  thc^iin  frdml  the  Pole,  tjieii  having  let  fall  the  Perpen- 
dicular O  R  fr6m  the  poiiit  0  upon  th6  Meridian  Z  0  NH,  it  will 
ht  by  the  6th  ^berical  A^iinB.        . . 


•  •  *     •  j'i  t .    I .  .#1    trf  •» 
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Afironofnicd  problems.  j  27 

As  the  Tang,  of  |  the  Comp.  ot  the  Latitude  1p.14.qo— *9.5426877 

■■      ■         ■> 
To  the  T.  of  I  the  Sum  of  the  Sun's  dift.  from  the  1 

Pole  and  the  Comp.  of  the  Laticudedi.oi  01  f  r   ^O-^J^SH* 
So  is  the  T.  of  ?  the  Diff*.  between  the  dift.  of  the  7 
Sun  from  the  Pole  and  the  Comp.  of  Lat.  pipu^jiS      ^'^^^^^^6 

To  the  Tangent  of  a  4^*  Arch  40.22.08-— -———p.p 2948 (5b 

Which  fourth  Arch  fodeg,  2  2min.  08  fee  added  to  half  the 
Complement  of  the  Latitude  ipdeg.  i4min.  00  fee.  will  give  59 
deg,  36  min.  08  fee.  for  a  fifth  Arch  P  Ry  and  this  fifth  Arch  PR 
leffened  by  the  Complement  of  the  Latitude  38  deg,  28  min.  00 
fee.  will  give  21  dcg,  08  min.  08  fee-  equal  to  ZA,  for  a  fixth 
Arch,  whence  to  find  the  AV.murh  P  Z  ©,  it  will  be  by  the  12th 
Cafe  of  Right-angled  Spherical  Triangle f^ 

As  A  :  c  t,  2  ^  :  :  t,  Z  A  :  c  s,  ®  2  il ;  that  is. 

As  the  Radius »    ■    ■  '   — — -  xo.ooo©coo 


To  the  Tangent  of  the  Altitude  38.18.4tf? ^ — P-8p75p2j 

So  is  the  Tangent  of  the  fixth  Arch  Z  R  21.08.08 p.5872404 

To  the  Co-fine  of  the  Azimuth  72. 12,54^ ; r 5^-4^49327 

Which  becaufe  the  Latitude  is  North,  is  South  72  deg.  12  min. 
54fcc,Eaft,  or  E-  S.E.  half  E.  nearly,  if  the  Altitude  of  the  Sun 
was  taken  in  the  Morning,  but  if  the  Sun's  Altitude  was  obferved 
in  the  Afternoon,  it  is  South  72  deg.  x»  min.  54  fee.  Weft,  or  W.  SL 
W.  half  W- nearly. 

Again,  to  find  the  hour  of  the  Day,  it  will  be  by  the  1 2th  Cafe  4 
Right^ngled  Spherical  Triangles^ 

AsR:  ct,P  O  :  :  tyPR:c$,ZP® ;  that  is, 

As  the  Radius     ■        lo.ooooooo 

To  the  Tangentof  the  Sun's  Declination  19  39.10 1 9^55  282 17 

So  is  the  Tangent ofthe  fib  Arch  PR  59.35.08  —10.23 1^254 

To  the  Co-fine  of  ^^  hour  from  Noon  5  2.30—— — 9.7844471 

'  Whicli 


p8  Jftmiomk^l  fr^kims. 

Which  Cowwwd  into  Tm^  wfll  giff  s  h.  lom*  for  th^llotir  in 
the  Afternoon,  if  the  8un*s  Altitude  was  taken  in  the  Weftcrn  Semi- 
circle, but  fubfiradiecl  from  it  hoprs,  will  give  8h.  30m.  for  tbc  Hour 
in  the  Morning,  if  the  Altitude  of  the  Sun  was  taken  in  the  Eaftcru 

Semicircle. 

Or, 

To  the  Complement  of  the  Latitude  of  the  Place  38  deg.  a  8  min. 
equal  to  Z  P,  add  the  Complement  of  the  Altitude  of  the  Sim  5  x 
deg-  41  min.  13  fee.  I  equal  to  Z  ®,  and  the  diftance  of  the  Sun 
from  the  Pole  70  deg.  ^o  min.  49  fee.  i  equal  to  f  O^  into  one 
Sum,  and  from  balfthat  Sum  80  deg.  15  min-  01  fee,  {^  fubftraA 
theSun's  diftance  froni  the  Pole  equal  to  70  deg-  aomin.  49  fee  i^ 
and  keep  the  Difierence ;  then  fay. 

As  the  Radius "   ■■  ^ -^- —  — *-^  - — ^— 10  0000000 


To  the  Co-fine  of  the  Latitude  ji.}2~—«»^ 
So  is  the  Co-fine  of  the  Altitu4e  j8.18.4tf  i 


To  a  fourth  Sina  -* 


«i 


l««»W«V 


>*m*m 


As  the  fourth  Sine- 


w«a»«*«HWi>*« 


To  the  Sine  orthelialfSum  80.15,01  f 
So  is  the  Sine  of  the  Diflercnce  pt54.i>T- 


To  a  Seventh  Sinc'—*^ — • 
To  which  add  the  Radius-* 


t^^wmm-mmtm 


«*#^rvM 


And  the  Co- line  of  half  tbat  Sum 


5P-5  J'3 >5»  *>cwg  doubled  will 


ill  f  ^ 


•9.^885003 


•9993^845 
9*354S'40 


■«i»^^i*BB^i 


lO.OOOOOOQ 


19.540^781 


•«**«* 


'9'770}39i 


Give  107  deg.  47  min,  05  fee.  f  for  the  Angle  P  Z  O,  or  Arch 
of  the  Horizon  x  0,  the  Azimuth  to  be  counted  from  die  North 

Eoint  of  the  Horizon,  becaufe  the  Latitude  is  North,  and  therefore 
eing  taken  from  i  Bo  deg  00  min.  00  fee.  will  leave  71  deg.  \% 
tuln.  54 fee  i  for  the  Azimuth^  to.ba  counted  from  the  South  as  be* 
fore  determined. 

Or* 


Jftranomical  Trohlems* 

Or. 


P9 


To  the  Arithmetical  Complement  of  the  Confine  oil  ^  .^ 


■  ■  i>*^ 


tmimmi^ 


the  Latitude  51. 3  3 

Add  the  Arithmetical  Complement  of  the  Co-fine  1 

of  the  Altitude  3  8. 1 8.^5  J ^  0.1053314 

Alfo  the  Co-fine  of  the  haltSurti8oa?>oif>        ■   ■  —  j>*9P3^84S 
.   And  the  Co-fine  of  the  Didercnce  p.  5  4.  tti'      1  ■■  ■■■  9 .235  4940 


Half  the  Sum  of  thefe  four  Sines 


Will  give  the  Co-fine  of  53JJ-3*  i 


^9.54otf78^ 
■  97703391 


The  half  of  the  Azimuth,  which  being  doubled,  will  give  107 
deg.  47  min.  05  fee;  f  for  the  whole  Azimuth,  to  be  counted  from 
the  North,  as  before  found. 

Or, 

From  half  the  Sum  of  the  Complement  of  the  Latitude,  Com- 
plement of  the  Altitiide,  and  diftance  of  the  Sun  from  the  f  olc  c* 
qual  to  80  deg.  15  min.  01  fee.  f,  fubftraft  firft,  the  Complement 
of  the  Latitude  38  deg.  28  min.  and  call  the  Remainder  (41  deg. 
4.7  min.  01  fee.  f )  the  firft  Difference  5  then  fccondly,  from  the  fame 
halfSumSuWbraatheComplemrat  of  the  Altitude  5rdeg.  41  min, 
13  fee.  f,and  call  the  Remainder  (28  degg  j  min.  4.8  feci)  the  &• 
CMd  Dificrcnce ;  then  fay. 

As  the  Radius 10.0000000 


To  the  Confine  of  the  Latitude  51.32 


So  is  theCoHffne  of  the  Altitude  38.18.465- 

....   , 

To  a  tourth  Sine 


•   ^ 


•^"•tm 


•9-7938317 
9.^885003 


As  the  foarth  Sine  '  "  *■ 

To  the  Sine  of  the  firft  Ditifeeence  4  f  .47.0 1 1  - 
$0  is  the  Sine  of  the  fecond  Difieience  28.3  3. 47^ 
To  a  Seventh  Sine 


WBMiHiW^ 


mmmm 


To  which  add  the  Radius 
The  Sine  of  half  that  Sum 

Will  be  5 1-53 -3 3  • — ~ 


5>.(J88yoQ| 

■MM  aHiMMOTnM.9 

9.8i3584» 
-9.8i47»p4 


*  i.oooo»yo 


iw«"*i 


<immm 


.99073547 


Tttt 


«« 


Which 


j^^o  Ajiroriomical  frohUms. 

Which  being  doubled,  will  gi^e  ro7  dcg.  47  min.  06  fee.  the 

Azimuth  from  the  North,  add  5ii»  ttkcurfabm  180  dcg.  will  leave 

72  dcg.  timin.  54  fee.  for  the  Aziouub  from  the  Souths  as  befoce 

determined- 

Or, 

To  the  Aritk  Comp-of  the  Co-fine  of  the  Lst.  5 1*;^  a2o6i^$ 

Add  cheAntb,Comp*4a£th^Co*fini^  oftheAl&:;8.i8.46|o«io533i4 

Alfo  the  Sine  of  the  ifl  Difference  4i,47.oi  i— P.S236842 

And  the  Sine  of  the  id.  difference  28.33  48!.  — — —  9-^7 9H^i 

Half  the  Suna  of  thcfe  four  Sines- — — ip.8147302 

Will  be  the  Sine  of  53.53. 33I ^ ^-^073^51 

Which  being  doubled,  will  give  107  dcg.  47  rain.  06  fee.  for  the 
Azimuth  from  the  North j  .^  this  being,  fubft rafted  fromi  180  d^. 
ox  min^  oofec  uriU  give  the  Azimuth  from  the  South,  the  fame  as 
ia  the  former  £;f4«R^/f. 

The  Azimuth  being  thus  obtained,  the  hour  of  the  Day  may  be 
had  by  the  id  Axiom  cf  SiibmcalTriangles.    For, 

..  '  As  S-  P®  iS.<PZO  I  :  S;'Z  ®  :  S.  2  />  ©  5  that  is. 
As  the  Co-fine  «f  the  Declination  i9.3p«io|      '«-\  ^ *-P73P34* 

To  the  Sine  of  the  Azimuth  1 07.4705   *- —  9-9787325 

So  is  the  Co-fine  of  the  Altitude  38.1846  i  ^^-rrrrtrrr-  9.8946^  8tf 


f.j  t'lrti  o 


To  the  Sine  of  the  hour  From  Noon  ji.jo.oo-i — 9-^974669 

Which  converted  into  Time,  gives  3 h.  30m.  oof-  if  the  Altitude 
was  uken  in  the  Afismoon,  but  fubftrafted  from  la  Houis  sivea 
the  time^ot  tbc  Day  if  the  Altitude  was  obferved  in  the  Morniiff. 

Agauv,  by  the  help  of  the  yf*  and  fe*  Aici^Ms  i^Sphericdl  7riaMks, 
may  the  Hour  of  the  Day  be  invtftigated  tfrtftly,  withoatfnAjg 
Ijhe  A«m«tfj,  afrcr  the  Manner  following, 
^  Ftom  the  half  Sum  of  the  Complement,  of  the  Laticnae,  Ac 
Complfe^ent  of  the  Altitude^  andthcdift^ce  of  the  Sun  from  the 
tifiWePble,  equalto  8odeg.  15  min-  01  fee.  4,  fubflraa  the  Com- 
plement ^rhc  Sun  s  ^tltitude  equal  to  j  i  deg.  41  min.  1 3  fccf,  and 
Mte  the  Diftrence  ^i^t%,  33  min.  ,47  fee.  *,  and  it  will  be. 


Jftronomical  Trohlem*  jjl 

AsthfiRidios  ■'     ■'■'    ■  ■  i        ■ loooooooo 

*  *  •  •  t 

Todie  C<>*finc  of  the  Latitode  }i«3)         ■■■■■■  ■  ■    "Mg^pjBj  17 
So  is  the  Co-fine  of  the  Pecliaadon  xp.3p.z0i        ■    ■p.p73P34a 


imm 


To  a  feorthSine  1   n  m 1  ,       ■p«7tf77tf|^ 

a 

As  the  fourth  Sine  ■■■ ■■■■■—!   i.bww.      in     p»7tf77tf5P 


/»    J     .       V 


J! ."'*' 


To  the  Sine  of  half  the  Sum  SO'ij.oij'  ■■■ P-PPj^^^S 

So  is  the  Sine  of  the  Difiercncc  2S.33147T r—  ■      P'^79?45? 

To  a  Seventh  Sine     ■■       ^4^-— <—      r         1  .^  9-9054(^41 

To  which  add  the  Radius———— >■■  10.0000000  . 


v;s 


And  the  Co-fine  of  half  the  Suni  of  tbefc  £pur  $i9e$-^i9.poj[4^4s 
Will  be  the  Co-fine  of  a5.14.5p  , — '• — ■*., ,   .y,  ^9527310 


»    HPH 


Which  being  doubled,  will  give  5>d«.  tpmsx.  59ieq..ibr  the 
Hour  from  Noon,  and  this  reduced  into  Time,  will  give  as  in  the 
former  Opiration^  cither  3  h.  30  m.  oof.  or  8  h-  30m.  oof.  ac- 
cording as  the  Sun  was  in  the  Eaftern  or  Weftern  Semieirde. 

To  the  Arith.  Qmip.  of  the  Co-fine  of  the  Lz,t.fii\ii^o.t  66 16%^ 
Add  theArith^Comp.ofthe  Confine  of  theD^cl.ip.39.io|  00250658 
Alio  the  fine  of  the  half  Sum  80.15.10!  9^93^9^% 

And  the  Sine  of  the  Renuinder  28*3  3,47  i  -i  ■    / — ^0.1^5795451 


i^fi.«<«i> 


Half  the  Sum  of  thefe  four  Sines     j    ■       '    -^--^ — h-  i9*poi454i 


w 


Win  give  the  Co-fine  of  tS'i^s^  —  .—    -  f:'  9,9^x7310 


Wkich  being  doablfidy  wlU  gtv*e  i»  deg.  19  ]ttia.  $!&rec.  e^tl  h 
Time  to  j  tv  ~  3  o  m.  00  C  af  in  the  fitrmet  OdcnUcioa. 
.  Tkt  Hour  being  c]w«  obtained*  the  Asuncb  kom  6ttncfi  nay 
beCakuUre^byllie  liclp  of  tbej^  A^am^Siktatd  tritatfu.Vfx^ 

Tttta  At 


*  I  i  JftrommicalTrobltmSni 

As  the  S.  2  ®  ;  S.  <Z  P  ®  :  :  S.  ?  ®  :  S. 
As  the  Co-fine  of  the  Altitude  j8.*&46f 

To  theSine  of  the  Hour  from  Noon  fi.30.00 
So  is  the  Co-fine  of  the  DedinatioQ  1p.j9.x04  - 


Z  P  i  that  is, 
•——^  9.8946685 


MH 


To  the  Sine  of  the  Azimuth  107.47.05^ 


9-97873^3 


The  hmt  as  was  deduced  from  the  former  Calculation. 


7 ,  J  ■> 


Prob.     VI. 


^    .  Cafe 


2. 


Example  2. 

Given  the  Latitude  of-  the  Place  y  1  deg,  2  a  min.  South,  the 
Decliiiacion  of  the  Sun  ipdeg.  jjmin,  lo  fee.  I  South,  and  his  Al- 
titude 38  degr  18  min.  45  fee.  f,  to  find  the  Azimuth  and  the 
Hour  of  the  Day. 

Vibe  Stereoimphic  Soluthn  upon  the  Plane  of  the  Meridian.  • 

1.  Having  drawn  the  Meridian 
ZONHj  the  Horizon  HO,  and  ac 
Right- angles  to  it  the  Prime  Vertical 
Z  N,  fet  off  the  Latitude  of  the  Place, 
(in  this  Cafe  South)  from  /Tto  5,  and 
draw  the  Six  a  Clock  Hour  Cirde  SP, 
and  at  Right-angles  to  it  the  Equator 

2.  About  the  Pole  S,  ac  the  diA 
tance  of  70  deg.  10  min.  49  fee  ^^ 
the  Complement  of  the  Sun's  Oedinau 
tion,  draw  the  Small  Circle  nCq^ 

alfo  About  the  point  Z  at  the  diftanoe  of  51  deg.  41  min.  13  (ec.  | 
the  Complement  of  thejSun's  Altitude^  draw  the  Small  Circle  A®m^ 
by  Cafe  the  24  of  Prehkm  the  ^h^  of  SeSHw  the  ai,  where  thcfe 

two  Circles  ittterfefi  each  otiierj  it  will  give  the  Place  of  tiieSuo  ®. 

3.  Thro' 


Ajirommkal  Trohlems.  ^  j  i 

i.  Thro'  the  point  ®  and  the  Poles  S  and  P,  draw  the^  Hour 
Circle  S®P,  alfo  thro' the  fame  point  ®  and  the  Zenith  and  Nadir, 
draw  the  Aamuth  Circle  2  ®  i\r,  then  may  the  Angle  ?  Z  ©  the 
Azimuth »  and  the  Angle  0  P  Z  the  Hour>  be  meafured  by  Cafe 
the  2dof  Pr$Hem  the  loth^  of  SeBhn  the  zJ. 

And  becaofe  the  Numbers  in  this  Examfk  are  the  fame  with  the' 
Numbers  in  the  former  J^xamf/e^  the  Hour  from  Noon  (by  the  fame 
Method  of  CalculatioH)vfi)\  be  found  to  be  the  fame^  that  is  jh.  30m. 
oof.if  the  Altitude  was  taken  in  the  Afcemoon,  but  8  b.  30  m.  oif. 
if  the  Altitude  wereobferved  in  the  Morning;  alfo  the  Azimuth 
will  be  the  fame  in  Quantity  in  this  Examfle  as  it  was  in  the  former, 
but  muft  be  counted  from  the  oppoiite  point  of  the  Horizon,  be- 
caufe  the  oppofite  or  Southern  Pole  ifi  this  Cafe  is  elevated  above  the 
Horizon,  and  confequently  the  Azimuth  in  our  prefcnt  Cafe  is  North 
7a  dcg.  1 2  min.  54  fee.  Eaft,  or  £«  N.  £•  half  £.  nearly,  if  the  Sun 
be  in  the  Eaften?  Semicircle,  but  North  72  deg.  1 2  min.  54  fee.  Weft,  , 
or  W-  N.  W.  half  W.  nearly,  ii  the  Sun  was  obferved  in  the  Weftern* 
Semicircle.  * 

Prob.   VI. 

Cafe  a. 

Example  3. 

Given  the  Latitude  of  the  Place  51  deg.  32  min.  00  fee.  North, 
the  Sun's  Declination  19  deg.  39  min.  10  fee.  I  South,  and  his  Al- 
cirade  1 5  deg.  30  min.  20  fee.  I  demand  the  Hour  of  the  Day  and 
Azimuth  of  the  Sun, 

The  Stereografbic  Solution  upon  the  Plane  eftbe  Meridian. 

i»  Having  drawn  the  Meridian 
ZONHy  the  Horizon  HO,  andac 
Right--afiglet  to  it  the  Prime  Verti- 
cal Z  iST,  fet  off  the  Latitude  of  the 
Place  5 1^  3  2',  from  O  to/',  and  draw 
the  Axis  PS,  and  at  Right*angles  to 
it  die  Equator  A  Q. 

2.  About  the  Pole  S  (becaofe  the 
Declination  is  Sottth)at  the  diftance 
of  70  deg.    10  min.   49  fee.  i,  the 

Complement  of  the  Sun's  Dedina: 


J  j  4  Ajinnomlcal  frohlms. 

tion,  defcribe  the  Small  Circle  12  Qq^  alfo  at  the  diftanceof  74 
deg.  29  mm.  40  fee.  the  Complement  of  the  &]n's  Altitude,  about 
the  Zenith  as  a  Pole,  defcnbe  the  Small  Circle  n  ®  ii%>y  Cqfi  the 
^d  of  Problm  the  /^hy  oiSiSiipm  the  a ^,. where  thele  twoiQter(c£k 
each  other  at  the  point  ©,  it  wiJI  give  the  Place  of  the  Sub, 

3 .  Thro'  the  point  ®  and  the  Poles  ?  and  S,  dr^w  cbe  Houf  Cir- 
cle Z'  ®  5,  alfo  ihto'  the  fame  point  ©  and  the  Zenith  and  Nadir, 
draw  the  Azimuth  Circle  Z  ®  A7,  then  may  the  Azimuth  Q)  Z  P 
and  the  Hour  from  Noon  Z  P  ©,  be  mcafured  by  Cafi  the  %d  of 
Problem  the  1  othy  of  SeSlion  the  2d. 

LegarithmicaBy,  or  by  Calculathn. 

Bccaufc  the  Latitude  is  North  and  the  Declination  South,  to  90 
Degrees  or  a  Quadrant  add  the  Declination  19  deg.  jpmin.  10 
Ice.  I,  the  Sum  109  deg.  39  rain-  10  fee.  I,  will  give  P  ®  the  dif- 
tancc  of  the  Sun  from  the  North  Pole.    Then, 

To  the  Complement  of  the  Latitude  38deg.  i8min.  00  fee 
add  the  Complemevof  the  Altitude  74  deg.  29  min.  40 fee.  and 
the  diftance  of  the  Sun  from  the  North  or  vifiblc  Pole  109  deg.  ^9 
min.  10  fee.  finto  one  Sum,  from  half  that  Sum  11  ideg.  i8  min. 
2  J  fee.  I,  fubftraft  the  diftance  of  the  Sun  from  the'  Pole  109  deg. 
39  min.  xo  fee  |,  and  keep  the  Difference  and  it  will  be,  ^ 
As  the  Radius— .- — = ■■  lo.ooooooo 

To  the  Co-(ine  of  the  Latitude  5i.3a»oo  ■  ■■■■-■  ■■■9.791!} r7 
So  u  the  Co^e  of  the  Altitude  15.30.10  -—     ■     ■■    9,983 1»88 

m 

.  ^  ■■  ■      ■  '  *  I 

To  a  nMirth  otxit  ■«  ■■*■■   *■■■■■  ♦  1  >■»■  ■  ■■■>  in  1  ■  ■  ■■  0.7777205 

As  this  fourth Sine.^ ^—  — -i^—*-  ■  ■  ,i,.,.^,  -^  P«7777tos 

To  the  Sine  of  the  half  Sum  1 1 1.18.25,          '  ^^(j^^^tiL 

So  is  the  Sine  ot  the  Difierence  1.3  9. 14  j»    ■  Z.^^di^y 

To  a  feventh  Sine  ■  ,<— .-^  -  8^18854. 

To  which  add  the  Radius- -^ . -  lo-ooooooo 

And  half  that  Sum  ■  m^^' — —18.6518854 

Will  be  theCo-ilne  0f77.4tf.08     ..  .■■■^— ..— .  ,  ■    $'i%%tf^^f 

Which 


I 

J/lronomical  Problems,  jjj 

Which  being  doubled,  wilt  give  ijjdcg,  jamin.  jtf  fee.  for  the 
Azimuch  from  the  vifible  Pole  (in  xhisCa/e  North)  this  therefore 
taken  from  iSodeg.oo  mio.  oo  iec.  wlllgita  24degi  ay  min.  24 
fee  (or  the  Azimuth,  to  be  counted  from  the  oppoiite  point,  and 
coaiequently  if  the  Obfcrvation  be  made  in  the  Eaftcrn  Semicircle, 
the  Azimuth  is  South  24  dcg.  27  min.  24  fee  Eaft,  or  S.S.  E.  Je! 
nearly,  but  if  the  Altitude  be  obfcrvcd  in  the  Weftern  Semicircle* 
the  Azimuth  will  be  South  24  deg.  27  min.  24  fee.  Weft,  or  S.  S.' 
W.  a  quarter  W.  neai:ly. 

Or, 
To  the  Arith.  Comp.  of  the  Co-fine  of  theLat.  y  13 2.00  o.2otf  1^983 
Add  the  Arith.  Comp.  ofthc  Co-fine  of  the  A  It.  1j.30.ao  aoitfioi2 

Alfo  the  Sine  of  the  half  Sum  i/i.t8.25j. p.9692512 

And  the  Sine  of  the  Difference  1.35.14^——.——  8,4*03547 

Half  the  Sum  of  thefe  four  Sines  — —  i8.5y  i88j4 

Will  be  the  Co-fine  of  77.4(^.18  -—  ■  ,         -.....^^.^  ^ ^^p. ^^ 

Which  being  doubled,  will  giw  for  the  Azimuth   15  j  dcg   iz 
min;  }<y  (cc.  »s  before  found  j  whence  to  find  the.  Hour  of  the  i>iy 
ic  will  be  by  the  id  Axiom, 

AstheS.  ?O:S.Z0:  :S.<2:S,<:?;  that  is. 
As  the  Co-fine  of  the  Declination  1p.39.10l  '■^—  — 9'97i9i4i 

To  the  Co  fine  of  the  Alritode  1^30.30          —         9.9838988 
So  is  the  Co-fine  of  the  Azimuth  155.32,35 9.517005  j 

To  the  Siac  of  the  Hour  from  Noon  25.03 .45^  -—---9.5259701 

Whicb  reduced  into  Time,  wiil  give  ih.  40m.  i  jf.  for  the  Hour 
if  die  Altitude  be  taken  in  the  Aftctqoon,  but  fubfbaded  from  1 2 
Hoars,  wiil  give  10  b-  19  min.  4$  fee.  for  the  Hour  in  the  Fore- 
noon, if  the  Altitude  were  taken  in  the  Morning. 

From  half  the  Sum  of  the  Complement  of  the  Latitude,  Comple- 
ment of  the  Alticnde,  aiid  diibhce  of  the  Sun  from  the  Pole  equal  to 
III  dcg.  18  min.  d];fec.{,  take  the  Complement  of  (the  Altitude 
equal  to  74  deg.  29  mm.  40  fee  and  keep  the  Difierence  36  deg  1 
4f  min.  4$  fiec.  I;  then,  Xo 


53^ 
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To  the  Arith.  Comp.  of  the  Co-fine  of  the  Latit.  51.3  a— o.aotf  itfSj 
AddthcAritb.Comp.oftheCa'fincofthcDccL  19.39.iO4  00250658 

Alfo  the  Sine  ot  the  half  Sum  111.18.25  i ^ptfp^yia 

And  the  Sine  ef  the  Diflcrcnce  3<J-48.45l  — P77757^7 


Half  the  Sum  of  tbefe  four  Sines 
Will  gire  the  Co-fine  of  i2.3i;52l 


I9.p7poy8o 


9-9^95^9^ 


Which  being  doubled^  will  give  25  deg.  03  min.  45  fee.  f,  ^and 
this  reduced  into  Time,  will  give  i  b.  40  m.  15  f.  the  fame  with 
the  former  Calculation.  * 

The  Hour  being  thus  obtained^  the  Azimuth  may  be  invefiigared 
by  the  help  of  the  lijixiom. 

Prob.  VI. 

•      Cafe  2. 

ExamfU  4. 

Given  the  Latitude  af  the  Place  51  deg.  3  2  min  South,  the  De- 
clination of  the  Sun  ij^  deg.  39  min.  10  fee.  |  North,  and  the  Al* 
dtude  15  deg\  30  min.  20  fee.  to  find  the  Hour  of  the  Day,  and 
Azimuth. 

*fhe  Stereografbic  Solution  ufon  the  Plane  of  the  Meridiam. 

1.  Having  drawn  the  Meridian 
Z  O  NH,  the  Horizon  HO,  and  at 
Right-angles  to  it  the  Prime  Vertical 
ZN,  the  Six  a  Qock  Hour  Cirdc  SP, 
and  the  Equator  A.Q^  zs  va  the  2^ 
Example  of  this  C^/e,  about  the  point 
Z  at  die  diftance  of  74  d^.  2p  min* 
40  fee.  the  Complement  m  the  Alti- 
tude, defcribc  the  Small  Circle  »  ®  m 

2.  About  the  Pole  P  (becanfe  the 
Declination  is  North)  dcfcribe  the 
Small  Grcle  aOq^oix  cbe^diftance  of 

70  deg. 


70  deg.  .20  min^^^o  fee,  t^eCprnpfcrncnt  of  the  Dcclinatioiu  where 
;thii^  cpcsrthc  m^]l't^itdc\n&m  is!  in  the  point  ®,  it  wilfgivc  the 
Plaice  of  the  Sun  ;  and  if  thrp*  this  point  and  the  Zenith  and  Nadir, 
andlche  two  Poles  P  6c,  5;»  be  drawn  an  Azimuth  Circfe  as  Z  ®  iV,  and 
an  Hour  Circle  as  i  ®  /*,  ^He  thing  ^,  done ;  and  the  Aiiiputh  SZ<S> 
and  the  Hour  ZS&  may' ^ tiacaf^red  by  C^ff  jhc'^d  f>£  Problem 

And  inafmuch  as  the  Kurobcrs  in  this  Examph  are  the  fame  with 
the  Numbers  in  the  forniei^.£x^;»//f^  the  ^oarfrom  Noon  will  be 
found  I  h.  '40  m^  ij;  f  if  the  Aldcude  be  taken  inthe  Afternoon,  but 
10  h.  ipm.  451.  if  the^AkittidebejtakcnlntheMoriipe  ;'a^^ 
Quantity  of  the  Azimuth  wil^be  the  fame  ih  this  £x^//^.  as  in  the 
former,  but  muft  be  counted  from  the  oppofite  point  oft  the  Hori- 
zon ;  and  confcquently  if  the  Sun  was  in  the  Eadtcm  Semi-'ciirde  the 
Azimuth  will  be  North  24  dcg.  aymin.  24  fee.  Eaft,  or  N,  N.  £• 
a  quarter  E.  nearly,  but  if  the  Altitude  was^  ta^cn  in  the|^jeftcrt> 
Semicircle,  the  Azimuth  will  be^^orth  24  dcg/- ay  min.  2(4  fee' 
Wefl,  or  N.N.  W.a  quarter W.  nearly.  ^  ■ 

Ihavt  teen  the  more  f  articular  in  the  Solution  of  this  Cafe,  it  being 
thefrincipal?robiQm  jnflde  Ufeofby  A^^QniiWiVit,to,j^n4fhe4yUe'7ime 
of  the  Day y  in  order  to  Cor/e(k  their  GloeJ^j.  09^  i^  M^  ^^v^gators,  fa 
find  the  true  Az^imnthy  in  order,  tofitki  tht  VatiatiOiQ  ef,  the  0>mpafs« 

Given  the  Sun's  Altitude  and  Declination,  together  with  his  Azi- 
muth, to  find  the  Hour  of  the  Day  and  Latitude  of  the  Place  of 
Oblervation. 

'  Example-  -  '        "    ,  .    '    ^ 

The  Sun  having  i9deg..39min.;ip.fcc.  f  NpVth  Declination; 
his  Altitude  was  found  tobe^jSdeg.  18  rain.  46  fee.  f,  and  at  the 
fame  time  his  Azimuth  South'72  deg.  12  min.  54  fee.  Eaft.  I  demand 
the  Hour  of  the  Day  and  Latitude  of  the  place  of  Obfervation. 

The'Siere^rafhic  SohitMi 

1,  Having  drawn  the  Meridian  Z  O  NHy  the  Horizon  flO,  and 
at  Right-angles  to  it  the*  Prime  Vertical  Z  Ny  thro'  the  point  Z 

U  u  u  u  draw  ' 


?3* 
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t<J    •■ 


drk  w  tbe  Vertical  Circk  Z  iSf  iV;foiu- 
ihg  4B  Ang.lie;  with  the  Meridian  of 
72  dcg.  12  min..  $4  fee  equal  to  the 
Azioiuth,  by  Oyethc  id  oi  Pr$U^m 
xhtsthy  oi  &Sim  th^  id,  and  (ex 
off^thcCampIcmeM  of  the  Sun's  Al-r 
timdc  jLi  dcgr  4J  min^  13.  fee  f  in 
itt  from,^  dowoward  to  0^  hyfCafk 
th^l^of  Pro  tiam  the  6tb,  ofthe  fame 
SeSicfif^Ahiii /wit:  (S  rcpicfiwt  the 
Place,  of.  the  Sun. 

zx  About,  tbe  point  (?)  as  a  Poie, 
at  the  difiance  q£  70  deg.  20  mia. 
'\  ^  "  '  . .  .  45?  fee,  iy  the  Compknicnt  of  the 
Jiin^s  Declination  fronj  the"  Pale,,  describe  the  Small  Circle  w.p  ir 
^y  Cafe  the  jrf  of  PrUkm  the  4^*,,  of  •Skffiwi  the  2^^  where  this  Cir- 
cle interfefts  the  Meridian  as  in  />,  it  gives  the  Place  of  the  North 
Pole.  • 

?•  Thfo^  tlie^^t  JP^draw  the  Six  a  Clock  Hour  €iicte^F5,  and 
at  RigHt-angJes  td  it' che  EqMtbr  -4^  and  thro^  the  point  G 
and*  the  points  P2itid  5  and  Z  and  iV,  draw  the  Hour  Girelc  F®S, 
and  the  Azimuth  Circle  Z  ^  N,  and  the  thing  is  done ;  and  the 
Hour  from  Noon,  or  the.  Angle  Z  P  ®  may  be  meafnred  by  Cafe 
the  id  of  Proklem  the  lothy  of  SelVoa  the  2^,  and  the  Arch  PO  the 
Latitude  of  the  Place  may  be  mcaltited  by  the  Liue  (f  Chords. 

LogaritbmcaBy^  or  b)  Cakulatiou. 

Having  let  fall  the  Perpendicular  <^  R  from  ®  upon  the  Meridiaa» 
it  will  be  by  Cafe  the  g^of  ObU^e-diigled  Spherical  Triangles.  Firft 
to  find  the  Arch  Z  &- 

Asil:cs,  ©2P:  :t,2  0:t,  Zils  that  is* 

AstheRadius  — — *— ^  ■  ■  loooodooo 


To  the  Co- fine  of  the  Azimuth  71.11.54 


^^4849345 


So  is  the  Co-tangent  of  the  Altitude  ^8a8\4g|         '10.1013077 


To  the  Tangent  of  a  fourth  Arch  2  i*o8.o8 


9.5871412 
And 


JftrumticAl  Trohkms.  ^j^ 

And  again.  As  csJZ  ®  :  c  s/f  ts  :  :  c  s.t  R :  cs,  PH";  that  Is, 
As  the  SineoTiihe  Alcitude  38.i&4i?  I .  '■  ..  "  V-7^a j^> 

To  the  Sine  of  the  Dedioation  tp>3g.iQ|  "*'  "^5atf7y;y 

So  is  the  Co-fine  of  the  fourth  Arch  2  i.og.oS —  9'96p7$  59 

To  the  Co-fine  of  a  fifth  Arch  yp  j>^>>?—  p.7041508 

UmPR—RZ—ZP.    Wherefore, 

If  from  the  fifth  Arch -—- i '• — - — ^— ^      '^   ^^ 

Be  taicen  the  fourth  Arch  ——*-—:*- ;>-■■.  ^  ,  ^^^    |j    ^j^ 


There  will  Remaid  the  Compkmcnt  of  the  Latitude— 38    28    00 
Which  taken  from        r-     '  i\   mih  rny.  'nii      , 


— po    00    oo 


Leaves  the  Latitude  oftfce  Place  of  Obfervadon ^yi    32    00 

Again,  to  find  the  Hour  of  the  Day,  it  will  be  by  Cafe  the  ^ 

AstheS.F®  :8.Z©:  :  S.  <Z0  P:  S.<Zi>©,.  thatii,.. 
As  the  Co-fine  of  the  Declination  1p.3p.10l  J-J^y:>^^' 

To  the Cp-finc  of  the  Altitude 3 8. j 84(5 J — p.8945d8(r 

*  So  is  the  Sine  of  th^?  Azimuth  72.1,2.54  — • 9-9787325 

To  the  Sine  of  the  Hour  firom  Noon  5  2.30.00  —9.8994559 

Equal  in  Time  to  3  h.  jo  m.  00  f.  whence  the  Hour  of  the  Dar 
may  be  had  by  the  former  ^uks.  ■  ' 

Qxy  the  Azitnuth  being  fidL  foimd,  the  Hour  of  the  Day  might 
have  be«n  found  by  the  help  of  the  jrf  Axiom,  or  the  Hour  being 
firft  calculated,  the  Azimnth  miijht  haue  been  ;d«|cwn«ed  by  tb<i 
hdb  of  the  lame  ^x/ow,  as  iu  the  torniq:  Cay*.  .y.     ^ 

"When  the  Altitude  of  the  Sun  becomes  equal  to  the  Declination 
then,  the  A^ironth  bficonjes  equal  to  th«  Houti  for  when  Z©" 
is  equal  to  PC,  then  the  Angle  P  becomes  equal  to  the  Angle  7. 

U  u  u  ua  But* 
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But,  wh^thc  Altitude  of  the, Sua  i$  Jcfs  tljan  the  DccVfl^ation, 
(as  wiir  happen     ctefy   l)ay  except  when  the  Sun    is  in   the 
Equator,  tod  in  every  Place  cxcfept  juft  under  either  Pdit)  the  Cafe 
wiH'bc  Ambiguous :  For,  the  Arch  Z  O  the  Sun's  Zenith  Diftance, 
will  bc]greatcr  than  F  O  bis  Diftancc  from  the  Pole. 


■^  J 


Prob.     Vf. 


.    .  Citfc  3' 

'Exampli  2. 

Let  the  Sun's  .Azimuth  be.  fuppofed .  North  74  deg.  03  min-  ii- 
fie,  i  Weft,  his  Altitude  12  deg-  30  min.  00  fee.  and  his  Declina- 
tion 19  deg.  39  min.  10  fee.  I  North,  and  kt  it  be  required  to  find 
the  Hour  of  thelDay  and  Latitude  of  the  Place. 

...     -  I.   Having  drawn  the  Meridian 

ZONH,  the' Horizon  HO,  the 
Prime  Vertical  Z2V,  the  Azimuth 
Circle  Z  O  N  forming  an  Angle  with 
the  MeridiaJi'^aif  74.  deg.  03  rain,  i  r 
f^c.  4,  and  made  Z  ®  eqoal  to  77  deg. 
3^0  min.  00  fee.  about  the  Point  ® 
defcribe  ^  a  Small  Circle  at  the  dif- 
tance  of  70  deg*  aomin.  49  fee.  |, 
*  this  will  cut  the  Meridian  in  the  points 
^Pand  P,  anrfcdnfequcntly  the  Arch- 
c$  PO  and  P  O  will  be  the  Latitudes 
ot  the  two  Places,  and  the  Angles 

Z  P  ®,  Z  P  "S),  the  Hour  at  each  of  thefe  Places  ;  wherefore,  ha^ 

ving  let  fail  the  Perpendiculiar  P  Ry  it  will  be 

As  if  :  c  S,®  Z  P :  :  t,  ®  Z :  t,  Z  il ;  that  iSy 

As  the  Radius-^ ^"    ' ^lo.ocoooo^o 


To  the  G>-fine  of  the  Azimuth  74.03.1  li  ■ 
So  is  the  Co-tangent  of  the  Altitude  12.30.00-7 

To  the  Taogent  of  a  fourth  Arch  "5 1:05^58  f  — 


-P 43893  la 

-10.6542448 


»mt^ 


10.09317^0 


And 


■  I 
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And  agalti.  As  c  s,  Z  ®  :  c s,?  ©  :  :  c  s^Z  il :  c  $,  JP il  $  that  is^ 
As  the  Sine  of  the  Altitude  12^30.00—— 9'33S3368. 

To  the  Sine  of  the  DccHnatioti  1p.39.10}  ' 9-5^^7557 

So  is  the  Co-fine  of  the  foarth  Arch  5 1-05-58? 9  19191  ^o 

To  the  Sine  of  a  fifth  Arch  12.37,58!  '■     ■    ■   ' 9  9^935^^ 

■■^  -  ■  • 

But.Z  R^P  R—lPt   or  R  ©_P  R=P  O  j  that  is, 


t§ 


If  to  the  Complement  of  the  4th  Arch  Z  25  equal  to— 38  54  o  i| 

Be  added  the  fifth  Arch  PA  equal  to 12  37  58| 

The  Sum  wil  I  give  one  Latitude  equal  to          -  -—  5  ^  3  *  o<^* 

Again, 


n 


If  fromtheC6mp.ofthe4thArch2/lcqualto— rjS    54    o»i- 
Be  taken  the  fifth  Arch  P*R  equal  to ^  12    37    5  8? 

The  Remainder  will  be  the  othct  Latitude  equal  to— 2(J    i<5    ©3 


And  to  find  the  Hour  at  each  of  thofe  Places  it  wilt  be, 

'    AsS.P®  tS.Z®  :  :S.  <Z:S.<P  ;  thatis, . 

As  the  Co-fine  of  the  Dedinatiotv  1p.3p.10l 9-9739342 

To  the  Co-fine  of  the  Sun's  Altitude  12.30.00 ^99895815 

So  is  the  Sine  oT  the  Azimuth  irom  the  Merid.  74.03.1  n  9  98295^8 

To  the  Sine  ot  the  Hour  from  Noon  8  j.24.3 1 9.9985041 

Which  reduced  into  Time,  gives  j  h.  41  m.  38  f.  for  the  Hour  in 
the  Afternoon,  in  the  Latitude  of  2<Jdeg.  i<Jmm,  03  fee  North,. 
but  <5  h.  18  m.  2  2  f.  for  the  Hour  in  the  Afternoon,  in  the  Latitude 
of  51  deg.  32  min.  becaufe  the  Azimuth  is  W^fterly  j  but  if  the  A- 
zimuth  had  been  Eafterly  in  the  Latitude  of  26  deg:  16  min.  03  fee. 
the  Hour  in  the  Forenoon  had  been  <Jh.  i8m.  a2f.  and  m  the 

,  Lati- 


AfiroHdmcal  ^obUms, 

Latitude  of  J I  dcg.  j*  min.  North,  the  Hour  had  been  «  d^.  41 
min.^Siec. 

Prob;   VI. 


Cafe  4. 

Given 
titer 
and  Azimuth  from  the  Meridian* 


riven  the  Altitude  of  the  Sun  and  his  prcfent  Dcdin«too    tocc- 
with  the  Hour  of  the  !^y,  to  find  the  Latitude  of  the  ^ 


Example. 

The  Sun  having  ij)  dcft  x^.  min.  10  fee.  |  of  NortbiDscUnatio. 

at  3  h.  30  m.  00  r.  in  the  Afternoon   his  Altitude  w«s,foimd  no  be 

38^deg.  18  mm.  ^6kc.^.    I  demand  the  Latitude  of  the  Place. 

^A«uiiuth,o.fthe&un.  *^^ 

"the  Stereogra^hic  Soluti0n 

roMu''!  J*T.*f  Meridian 

^   ^  i^p^.^'^'^'^SixaClockHoHtCif. 

-^^ —  f '«  ^.  S»  and  the  Hour  Circle  P<S>s. 

forming  an  Angle  of  5  a  deg.  30  mih 
00  fee  with  the  Meridian  ZONjfL 


s..i:  ?»  ??  ^^  Complement  of  the 
SimsDechna«on  Todeg.  2oimn.4j, 
fcc.  5  from  i>  to  ©,  ar4  about  tte 
point  ®  as  a  Pole,  at  the  diftance  of 
J I  deg.  41  ni„.  I J  fee;  J  the  Com- 

fcribe  the  Small  a«:le  Z2,  b? 'S^e  ,i of  »"" ^  ^'r*^"'  *^" 
^.7^«  the  ,^.    to  cut  the  Mer^d^ifS^fp^Li^'fj  '*^'  '^^^  °^ 

^er/3^^^2t&tth%t?o^^^^^^^^^^ 

raent  of  the  Latitude,  may  be  meS;^  k  "^    V  ^  ^  tlic  Compifr. 

the  Angle  Z  the  Azi'Jth!  by  S^hf  .Wp^?'-^?^*'  ^'^l 
&aw  the  2 A  ^  *"2/^tfte  3^  QfProkltm  the  io<A,  ofc 

This 


,    is  d<Mibt6>I»  as  ap{)«ai«  by  the  jd  €»fe  <^f  OUHquetOivied. 
Sfherical  Tria^let^  and  by  the  Ctn/imffitH  i  and  to  dtterftiJne  thi 
Rcqoifitcs  by  Qdculadon,  having  let  fall  the  Perpendioilar  ©  R 
(torn  S>  upoa  the  Meridian,  it  wilt  be  by  the  ^d Cafe  ofObliqut* 
OBgfei  S^biericai  Triangles, 

AsRics^ZP®:  :t,®Ptt,PRi  «hat i«, 
As  rfie  Radius     '   ■    «■  ■  •      •  ■■'  10.0000006 

To  the  Co  fine  of  the  Hour  from  Noon  5 1,3000  f  78^14471 

So  istbe  Ck^tangent  of  the  Dedinaiibn  ip  jp.iol— 10.4471 78J 

To  the  Tangent  of  a  fourth  Arch  P  R  5p.3d.08 im.zi  16%^^ 

And  again,  As  c  r,  ®  P :  cs,2  ®  :  :  c  s,PR  .cs^ZR-,  that  is. 
As  the  Sine  of  the  ♦Declination  1p.3p.10  I ^^— ''^P'5*^75J7 

To  the  Sine  of  the  Alcirude  38.18.45i p.ypij^oa. 

So  is  the  Co-fine  of  the  fourth  Arch  PR  jp.35.0S 97041 50&' 

^     *■      ijp ■ 

To  the  Co-fine  of  the  fifth  Arch  2  P  21.08.0S rp»p5p7j  jy- 

»  

But  PR^l  R—1  Py  wherefore,  if 

To  the  fourth  Arch  P  R  equal  to  jj  dcg.  35  min.  08  fee-  be  added 
the  fifth  Arch  ZP  equal  to  21  deg^  08  min.  oSicc.  the  Sum  9o^ 
deg.  44.min«   16  fee-  taken  from  podeg.  will  leave  p  deg.  15  rniir* 
44 Tec;  for  the  leder  Latitude.    And, 

If  from. the  fourth  Arch  PR   jp  deg.  35  min.  08  fee.  be  takctt 
the  fifth  Arch  ZR  equal  to  21  deg.  08  min.  08  fee.  the  Remainder 
3 8' deg.  28  min.  00  fee  taken  from  podeg.  will  leave  jfid^*  5a ^ 
min.  00  fee.  for  the  greater  Latitude. 

But  if  in  the  former  Cafe  the  Sum  ibonid  exceed  jk>  degrees  or  8.. 
Quadrant,  the  Excefs  will  give  the  Latitude  the  contrary  way  ;  that 
is  if  the  Declination  be  North,  then  the  Latitude  would  be  Soutbi. 

Or. 

ThcComp,ofM_2il=:Latit.that  is,  3023.52  2^ti.o^8.oS=r 


^44         '  jift/Qnomical  frohle^s. 

Again,  for  ftbe  Azimuth  ijroin  the  M^rifiiftQ^  itwi^l  be  by  the 
iji  Cafe  of  Oblique-angkd  SfherUal  7riatigUt, 

As  the  S.  2  O  ^S.  P  0  :  :  S.<ZPO  :  S.<PZQ  ;  that  is. 
As  the  Co-fine  of  the  Aliitude  38.18.46l  — — ~r-p.p6^4668tf 

To  the  Co-fine  of  the  Declination  ip.jp-ibl — -■  P«g73P34^ 

So  is  the  Sine  of  the  Hour  from  Noon  53.30.00 9-^99^^! 

To  the  Sine  of  the  Azimuth  from  theMcrid.  7i.12.j4~ ^.^787322 

Wherefore, 

If  the  Latitude  be  51  deg.  32  min.  00  fee.  the  Azimuth  40  the 
Afternoon  is  South  7a  deg.  1 2  min-  54  fee.  Weft,  or  SV.  S,  W,  half 
W.  nearly,  but  in  the  Latitude  oi  9  deg.  15  min^  44  fee.  North, 
the  Azimuth  is  North  72  deg.  12  min.  54  fee.  Weft,  or  W.  N.  W. 
half  W.  nearly,  as  i%  manifcft  by  the  Figure  i  and  die  contrary,  if  the 
Time  given  had  been  in  the  Forenoon. 

Again,  when  the  Sun's  Altitude  in  this  Cafe  becomes  le6  than 
the  Declination,  the  C^  will  be  limited  to  one  Anfvser  only,  for 
then  2  O  will  be  greater  than  P  O,  and  the  Length  of  the  Arch  PZ 
Will  be  limited,  as  will  appear  by  the  following  Example. 

Prob.  VL 

Cafe  4.  - 

Example  i. 

Siippofethe  Sun  having  19  deg.  39  rain.  10  fee.  I  of  North  De- 
clination, his  Altitude  at<5h.  18  ra.  2  2f.  in  the  Afternoon,  was 
found  to  be  12  deg.  30  min.  00  fee  I  demand  the  Latitude  of  the 
Place  and  Azimuth  of  the  Sun. 

The  Stereographic  Solution. 

I.  Haveing  drawn  the  Meridian  2  O  Nff,  the  Six  a  Qock  Hoar 
Circle  P  S,  the  Equator  A  H,  the  Hour  Crirclc  PQ  S  fonning  an 
Angle  of  94  deg.  35  min.  30  fee.  with  the  Meridian  PZ  HN,  and 
fct  off  the  Comphment  of  the  Declination  70  deg.  20  min.  39  fcc.J 
from  P  CO  0,  toobtaia  the  Place  of  the  Sun. 

1.  About 
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Afir^nmicd  TroHems^ 

'  4.  Abdtrtr  the  polrft  <&  «  4  ' 
Pole,  at  the  diftince  of  77  dcg^ 
jdtfin.  eofttf.  chtf  Coi&ple- 
ment  of  the  Sun's  Altkude, 
defcribc  the  SiilaH  Cirde  2^^ 
^hertth!i$  cuts  the  Merldikn  in 
Z,  it  Win  give  the  Zenith  %  thro* 
which  aitd  the  TTad ir  iV,  draw 
the  Vertical  Circle  Ze  N,  and 
the  thing  fs  done ;  and  the  An^ 
gle  It  the  Azimuth^  may  be 
measured  by  Caft  the  zd  of 
Prcilem  the  io^i&,  otSeSion  the 
2if,  and  0  P  the  Latitude  by  the 
Line  of  Chords. 

That  this  C4A  i^  limited  if  matrifeft  by  the  CoH/iruSihn,  for  the 
Small  Circle  qZ  cuts  the  Meridiaff  bat  on  one  Side  of  the  Pole,  and 
that  in  the  point  Z;  whef efore  to  fiad  tlie  Daitiide  by  CakubitioD, 
having  let  fall  the  Perpendicular  &A,k  will  be  by.  the  3^  C^  dF 
Oblique-angled  Spherical  Triangles^ 

As/t:CS,.Z  P©  :  ^  t,?©;t,PJJ;  that  i% 

•  As  the  Radius' ^ ■ 1  o«ooooooa 


ofthcttDaf^fjy.39 


"f** 


S^o 


20 


So  is  the  Co-tangent  of  the  JDediMtion  19.19.ioi — 10.4471783 


Tb^JirtlibgenrdfifcHirchArch  12.38.05 


P-Jjojtfoj 


Attd  again,  As<t,  ®  P  t  C-Si  Z  O  2 :  cs,Pil:cs,2il;  that  is, 
AiihcSineof  the  OccHnfation  ^p: 39.1  of         *■ P- 5  ^^7557 


-'  To  the  S?ne  of  the  Altitude  1 2.30.00 

Sdis'the  CSo-fine  of  thefbtnrth  Ardi  12.38.05 

To  the  Co-fine  of  a,  fifth  Arch  5 1  .otfoo-*- 


5^-33533^8 


— 9.797934P 

m  ■  n   II.    ■■■■— 

l4d#if  6bm  the  fifth  ^rth  Zlit  tqual  to  51  dcg.  otf  min.  00  fee. 
besalM^Wvi^ay  the  fourth  Arch  P%  equal  to  i2deg;.  38,min.  05 

X  X  X  X  (ect 


^  4^  J/tronomical  Trohlems. 

fee.  the  Remainder  taken  from  90  Degrees  or  a  Quadrant^   will 
leave  5  x^dcg.  32  min.  05  f.  for  the  Latitude  North. 

And  to  find  cheAzimath^  it  will  be  by  Cafe  the  ip  oi Obli^ue-aniTtd 
Spherical  Triangles^ 

AsS.Z©:S.i>®  :  :S.<P:S.<Z5  thatis. 

As  the  Co-fine  of  the  Altitude  z  aij  o.  00  ■■ 9  9%9!i!i  i  % 


To  the  Co-fine  of  the  Declination  ip^jp.iol 
So  is  the  Sine  of  the  Hour  94.3  5 .30  * — -^ 


To  the  Sine  of  the  Azimuth  74.03.11 


'997191A^ 
^9'99i6mjp 


9.9%i9^6S 


Which  becaufe  the  Latitude  is  North  and  the  Time  given  in  the  Af- 
ternoon is  North  74  dcg.  03  min.  1 1  fee.  Wcl^  or  W;  N.  W.  ?  W 
nearly^  ' 

Prob.  YI. 

Cafe  5. 
Giren  the  Latitude  of  the  Place  the  Declination  of  the  Sun,  and 
the  Azimuth,  to  find  the  Hour  of  the  Day  and  Altitude. 

Example. 
^  In  the  Latitude  of  j  i  deg.  3  ,  mini  00  fee.  North,  the  Sun  ha- 
vmg  IP  deg.  39  mm.  10  fee.  |  North  Declination.    I  demand  the 
Latitudcof  the  Place  and  hour  of  the  Day,  the  Azimuth  of  the  Sua 
being  South  72  deg.  12  mm.  j^fcc  Weft. 

*^^  ^^^^Offaf hie  Solution. 

I.  Having  drawn  the  Meridiao 

Z  O  NH,  the  Horizon  /TO,  and 
at  Right-angles  to  it  the  Equator 
^  J(L  '^ct  ofi'  the  Latitude  of  the 
Place  5 1  deg.  3  2  min.  00  fee 
from  O  to  />,  and  draw  the  Sa  a 
Clock  Hour  Circle  PS^  and  ac 
Right-Wangles  to  it  the  £quator4^. 

2.  Thro'  the  Zenith  Z  draw  the 
Vertical  Circle  Z  ©  iV,  forming 
an  Angle  of  7a  deg.  lamin.  54 

fee. 


Aftrommical  Trohlems,  ^j^ 

fee.  with  the  Meridian,  by  Cafe  riic'jJ  of  Protlem  the  or*,  of 
SfBintthevJ.  .  -  '   ' 

3.  At  the  diftanccof  yodcg-  aomin.  49 fee.*,  the  Comple- 
ment of  the  Sun  $  Decimation,  draw  the  Small  Circle  nQq  about 
the  Pole  PyiyyCaft  the  id  of  Preilem  the  4th,  of  &^o«  the  id, 
vhere  thi^  cuts  the  Vertical  Circle  in  the  point  ©,  it  wiU  give  the 
Place  of  the  Sun.  ** 

^>.y^'i  i*»^T'^  ®.*"*!  **  P®"*"  ^  *"**  ^»  <i«w  the  Verri- 
cal  Circle  ZQN,  alfo  thro  the  fame  point  ©  and  the  Poles  P  and 

5  draw  the  Hour  Circle  P®S,  and  the  thing  is  done }  and  2  ©  the 

Sun's  Zenith  Diftance  may  be  meafured  by  C«ife  the  zdoi Problem 

the  7**,  of  SeaioM  the  2</,  and  the  Hour  from  Noon  Z  i>  ©>  by  C^xTe 

the  id  ot  Problem  the  lorA,  of  the  fame  &^0ff. 

To  find  the  Requifites  by  Calculation. 

In  the  Oblique-angled  Spherical  Triangle  2  P  0  ate  eivcn,  Z  P 

eqiul  to  the  Complement  of  the  Latitude,  P  ®  equal  to  the  Com- 

plemcntof  the  Sun's  Declination.and  the'Angle  ®  2  P  the  Azimuth, 

whence  to  find  the  Arch  Z  0the  Complement  of  the  Altitude,  it 

willlje  by  the  %d  Cafe  of  Oblique-angled  Spherical  Triamles,  having 

firfflet  fall  the  Perpendicular  P  il.  * 

As  ^  :  c  s,<^  ZR:  :  t,  p  Z  :  t,  Zi^j  that  is. 

As  the  Radius — j  q  0000000 

To  the  Co-fine  of  the  Azimuth  7  z.  1^.54  — 9.4849345 

So  is  the  Co-tangent  of  the  Latitude  y  1.3  2  00  • 9.9000855 

TotheTaogpntof^iourth  ArchZ  A  13.38.25I 0,3850210 

And  again.  As  c  $.  ZP:  c  s,  ©P :  :  c  s,  2/i !  c  s,  (S>R;  that  is. 
As  the  Sine  of  the  Latitude  y  1.3  2.00 — — pi893745* 

To  the  Sine  of  the  Declination  i9-39.iol  —-——*— .9.5257557 
So  is  the  Co-iineof  the  fourth  Arch  1j.3S.25l 99875745 

To  the  Confine  of  a  fifth  Arch  55.19.39  — — . 9.5205851 

1^  if  from  the  fifth  Arch  6^  deg.  i^  min.  3  p'  fee.  be  taken  tlie 
fourth  Ar«h  13  dcg,  jS  miri.  aj  fee.  I,  the  Remainder  will  be  2®, 

X  X  X  X  2  equal 


14%  A/trmwrnd  Tr^hms. 

equal  tp  fi  <ie0.  4f  m^  13  kc  i,  this  theoelbc*  takw  ktm  9t> 
Degrees  or  a  Quadrant»  will  give  38  deg.  18  min.  4^  fix^^^r  tte 
Altitude.  Or, 

The  fourth  Arch  13  deg.  38  min.  25  iec  f,  added  to  the  Sine 
of  the  fifth  Arch  h^^S*  40iiMn.  %i  fee,  will  give  .38  deg.  i8iiuo« 
46  fee.  ?,  for  the  Altitude  r«quired. 

For  the  Hour  it  will  be  by  the  firft  Cafe  rf  OhU^ta-Aii^Ud  Spheric 

iol  Triangles^  ^  ^    ^ 

/vsthcS.P®  ;{'iZ®  :  :S.<Z:a  <P;  that  is. 

As  the  Co  fine  of  the  Deifliiutioa  ipj^.iof —  9'91}9l^% 

To  the  Co-fine  of  the  Altitude  38.184^  |.     9'^9A66Z6 

So  is  the  Sine  of  the  Azimuth  72.1a.  J4 — — r-  *-  9.9787325 

To  the  Sine  of  the  Time  5a.10.00 '^^^^^^9-^99^6 9 


i«^ 


This  being  reduced  gives  3  h.  30QI.  oof-  for  the  Hour  of  the  Day 
lu  the  Afternoon,  becaufe  the  Awmuth  was  Weftcrlj^ 

But  if  it  happtu  that  the  Latitude  oi  the  Place  is  Ids  than  the  Sun  s 
Declination  and  both  the  fan:ie  way,  the  Cafe  will  be  doubtful  ami 
sdmit  of  two  Jnjfwers,  as  the  following  Example  will  m^e  appear. 

Prob.  VI. 

Cafe  $. 

Examfle  tp 

Let  it  be  required  to  find  tlie  Hour  of  the  Day  and  Altitude  o£ 
the  Sun  when  he  will  appear  upon  the  Weft  North  Wefi  or  Eaft 
l^prth  Eafi  Aaimuth  Circle  at  Barbadoesy  in  the  Latitude  of  13  deg. 
30  min.  North,  at  the  Tirae  of  the  Summer  Solfiicey  or  when  the 
Sun  has  ^3  deg.  2p  min.  o(f  Northern  DecUnattoo^  which  kzppCBs 
there  upon  the  lotb  of  yune. 

7he  Stereografhic  Sotutm. 
T.  Having  drawn  the  Meridiap  Z  O  NH^  the  llorizoQ  HO^  and 
at  ltmht*ang)es  to  it  the  Prime  Vertical  ZNj  fet  off  the  Lamude  of 
the  Place  J  3  deg.  30  min.  from  O  to  P^  and  draw  the  Six  a  Qcxk 
Hoar  Cirdc  PS^  and  at  Right-angles  ;o  it  the  Equator  AQ. 

a.  Thro' 


«.  Thr^  ^  Ztnkh  gxui  Nad/r 
4x£W  ti«  VtmcalrJCirck  ZQ  0  iV; 
formiry  an  Angle  of  6j  deg.  30  min. 
0t>  fco.  -wnal  to  the  Aaiawth,  by  €1;/^ 
iIm^  ^JokJPrMem  t\K  9tby  of  A^tM 
the.  2^. 


yA9 


3.  About  the  Pole  P,  at  the  dif^ 
tance  oi  the  Complement  of  the  Sun's 
I>eclination  66  deg.  3 1  min*  00  fee. 
di^w  the  Small  Qrcle  «  ®  f,  by  C^Sr 
x)m  2d  of  Prokkm  the  4/^9  of  &^/» 
the  2^^    where  this   interfe&s  the 

Vertical  Circle  before  drawn  in  the  points  0,  €),  it  giras  the  t«ro* 
ditfrptnt  places  in  the  Heavens  where  the  Sun  is,  when  he  appeariN 
under  the  fame  Aai»utfa»  and  x9>,  xO   will  be  the  difierent  Al^ 
titpdes  oi  the  Sun  at  thofn  ttmes^  cadi  of  wiiich  may  be  flitaliiredbyL 
Cafe  the  3d  ot  Problem  the  jtb,  of  SeBhn  the  2d. 

4«  Thro'  the  points  O^  ®,  and  P  and  5,  dravii  the  Hour  Circles 
P®  Sf  P  QSy  and  the  Angles  2  P  0,  Z  P  ®,  will  give  the  timc^ 
from  Noon»  each  of  which  may  be  meafured  by  Cafo  the  tdoiPr^ 
Uem  the  xor^i  o(S$£iifB  tk^zd. 

t^arithmicoBy^  or  ty  CalcuUuioM* 

In  the  Oblique-angled  Spherical  Triangle  2P  O  are  given,  ZP' 
equal  to  Complement  of  the  Latitude,  the  Angle  Z  the  Azimuth., 
and  ?&  the  Sun's dsftance  from  the  North  Pole,  whence  to  find  zS 
the  Complement  of  the  Altitude,  it  will  be  by  Caje  the  3d  of  OHique^ 
at^kd  Spbnical  TriMgUs,  having  firft  let  fall  the  Perpendicular  PR; 

AsRicSy<l:  :  t,ZP:t,2  As  thatis^ 

Aitb^ Radios *>»)■  ■ '    * ■i.i.u  looooooooo 


laH 


To  the  Co-iine  o(  the  Azimuth  tf7.j0.00 


pw 


^••MW 


P-58a8397.- 


So  is  the  CP'taH^eitt.  of  dw  Latitude  13.30.co  ■■    '  to.6 196^6 j. 
T©  Ae  Tangent  a£a  faurth  Ardi  57'51'5  it-— 


,»"i**»^ 


— io.io>48tfo 


And^ 


35®  4flyomtttical  friUems, 

And  again.  As  c  s,  Z  P :  c  s,  f  ® :: :  \c  si  ZjR  ::c  s,  0  »,  «hat  is. 

As  the  Sioe  of  the  Latitude  13.30.00.'    >     1  '  I  i,,    ■  p<g<g8t85f 


To  the  Sine  of  the  Declination  ij.ap '     :     ■  -p  ^04090 

So  is  the  Co-fine  o  f  the  fourth  Arch  2  R  J7.53.J if  --p.71 5  J^g^ 

To  thcCo.rme  of  the  fifth  Arch  e  R  14.^3. 14I 995767^ 

ButZ/J  2!®  ^=2®,  that  is,  if  to  the  fourth  Arch  57  d^ 

'53  min.  51  fee.  f,  be  added  .the  fihh  Areh  »4-deg.  53  min.  14 
lee.  I,  the  Sum  Sideg.  47  min.  06  fca  i,  uken  from  po  Decrees. 
will  leave  7  deg.  1 1  min.  53  fee  |  for  the  Icaft  Altitude  *  O.  But 
If  from  the  fourth  Arch  J7  deg  53  min.  5i^fcc.  1,4x5  taken  ihc 
•fifth  Arch  24  deg.  jj  mm.  14  fee.  I,  the  Remainder  3  3  dee.  00 min. 
|<J  fee  J.  taken  from  po  Degrees,  will  leave  5<jdeg.  59  min.  13 
'fee.  ?  for  the  greater  Altitude  j  whence  to  find  the  Time  from  Noon 
will  be 

As  the  .Co-fitie  of  the  Declinatioa  2.3 .  2p,oo  '  y.^j^^^  2  7 

To  the  Sine  of  the  Azimuth  tf  7.3000  gr,j,-.     ' 

So  is  the  Co-fine  ©fthe  leafl  Altitude  7.12.53!  9^^5y;6 

To  the  Sine  of  the  correfpondcnt  Time  87.54.15. 
anfwering  to  5  h.  j  t  m.  3  7  f.  | 

Again, 
As  the Co^fincofthe  Sun's  Declination  23.2^ 00  -^—  996.^4^,7 

To  the  Sine  of  the  Azimuth  57.30.00 —9.9555153 

60  IS  the  Co-fme  of  thc-greattft  Altitude  s1S.s9.23i 9:7352  ill 

To  the  Sine  oFthe  correipondent  Time  3  J.r5.55 9.7}p»8ip 

anlwermg  to  2  h.  13  m.  07  f.  a  —y'/3^5'**y 

Whence  it  is  manifeft,  that  at  Bar^aJ^s  on  the  toti  of  7m.*, 
^^oftht"?'^  5«greateft  Dedination.  heap,«Sirs«pc«lCc 
S^.  riSric  'Kf  "^""'^  the  Forenoon,  andTwice  in  the  After- 

32  i.  4  M.bc  Morning,  and  again  at  p  h.  45  m.  5  a  f.  J  the  fame 

Mocn- 


•9-9997102 


Aftronomicd  ^obUms.  ^  ^ , 

Morning/ at  the  fir^ of  which Jimcs  \»  has  7  dcg.  i  a  min.  5  j  fee  | 
of  Altitude,  and  at  the  Tecdird  time  y5deg.  yp  min.  23  fee.  i! 

-      •-     ^         Andagain^  '  ^* 

Ui  appears  in  the  W.  N.  W.  Aiimutb  at  ah.  13  m.  07  f.  |  in 
the  Afowoei^r  aftd-ag^^  37  f.  I  the  fame  Aftcraooa. 

Mth^.mMy^^^  ypmin.  23  fcaiotAlti- 

tude^  and  at  the  fecond  only  7  h.  12  m-  53  £  f 

Again^  Sappefeit  vrerc  required  to  find  at  the  fame  Race  and  ori 
the  fame  Da^,  what  (hall  be  the  Sun's  greatcft  Azimuth  from  the. 
Meridian,  at  ^fctt  Time  it  (hall  happen,  and  at  what  Altitude  ? 

I.  Having  drawn  the  Meridian 
ZONH,  tbc  Horixon  //O,.  the 
Prime  Vertical  Z  Ny  the  Six  a  Qock 
Hour  Circle  P  Sj  and  the  Equator 
40^  ai»»t  the  Sotttb  Pole  S  draw 
a  Small  Circle  nxq,  at  the  diilance 
of  the  Sun's  Declination  (in  this  Cafe 
23  de^.  apminOitaiacerfed  the  Ho- 


rizoa-m  x. 


2.  About  the  point  X  as  a  Pole, 
defcribe  the  Vertical  Circle  Z®  N 
by  Cafe  the  2d  of  Prcilem  the  4th,  of 
SeBion  the  ai,  and  thro'  the  points 

P,  Xi  and  j;  draw  the  Hour  Circle  P®  5,  by  tbc  firft />r(»*/«w  of: 
the  fame  Cafsj  where  thefe  two  Circles  Interfeft  each  other  as  in  the 
point  0,it  will  give  the  Place  of  the  Sun;  then  will  Z&  be  theCom- 
plemcntof  the  Altitude,  (and  which  may  be  mcafured  by  Cafe  the 
3^  of  Pro^^iw.  the  jtby  oi  SeBion  ^t  id)  the  Angle  P  Z  O  the  Azi- 
muth, and  the  Angle  Z  P  Q  the  ri6ur  from  Noon,  each  of  wbich^ 
may  be  meafured  by  Cafe  the  id  oi  Problem  the  lothy  of  .the  £ime  . 
SeBien^  but  to  determine  them  by  Calculation. 

In  tiie  Spherical  Triangle  Z  P  O  Right-angled  at  O,  are  given, . 
ZP  equal  to  the  Complement  of  the  Latitude,  P®  equal  to  the' 
Complement  of  the  Declination,  whence  to  find  firft,  the  Hour  ^ 
from  Noon,  it  will  be  by  Cafe  the  i  itb  <f  Pjiht-aniUd  Sph^ical ' 
Iriat^hs^ 

As. 


As c t,  P  ® : c.t, ZP'.i  Jl ic s^<f  i'  thiiisi  '  . 
As  the  Tangent  of  the  DecUaation  aj.a^  ——9^37^5^? 


iiijg  r. 


H  iiim 


Noop  96>il712q4:  ""*""'9-74g}»74 





Which copTCrtcdiinto  timcwitt  ^ve  jfit. 4^m.  »fcj! f/  f* 

2.  To  fincl  the  Angle  Z  or  the  Aaim»«hj.  if  will  be  by  Cafe  die 
i^th  qf  Right-MgledSfbericalTriai^Iet, 

At  S.  Z  P  :  S.  Z  ®  :  :  25  X  8u<Z^  that  is. 
As  the  G>ft»e^^he  Latitude  i  j-jo-^o- 9^^7^i » J 

To tk^Co-fifteof the  DeclinatiM  as.gi.g^    ""  5>»^a45^? 

So  » the'fUdius ^ — — —  — 10.0000000 


^•^ 


%o  the  Sine  ofthc  Azifauih  j^^S^i "  "     9  974^^^ 


»>  1*1 


5.  To  find  Z  ®  the  Cofflplcmcnt  of  the  Altitude*  it  will  be  bj 
ife  the  i^th  of  Right-angled  Spherical  Irian^s^ 

A$cs,P  ©:cs,Zf :  :il:CS,Z®;.  duti^ 
As  the  Siiicof  the  Declination  *j  29.00 '   ■■    ■  " '  ^A>A4<yo 


■^Madto*^  ««Ml^a^ 


To  ttrt«yic  ot'  theLatitrtde  rj.;«u>o — —       "■■»■"    ^.^%<A^i 
-  So  is  the  Radius-'  i  i  i  i     iriii.ii    io^boooooo 


«  i**      »*  1    ■  >-■    **■-««■ 


To  the  Sine  of  die  Alticodt  3  5.5 15452  — — .,—— .9.7157771? j 


i*«i%S«*i 


Whence  it  tollorsv^s  that  the  Suit's  gneatefi  Asimdth  b;qipenf  at 
8  h.  14.  m,  M  f.  t  in  the  Morfling,  when  he  aj>pcarf  Nor*  /o^fcg. 


qoarter 


or  at  3  h-  45  m.  4jC  ^  in  the  Afternoon,  when  he  appears  Noorth 

70  d.  j<5m,  cjpf.f  half  W«ft,  or  Weft  Norxh  Weftiialf  Weft  riewiy,  it 

each  of  which  Tid^es^he  has  3  5  deg.  %i  taku  43  fee.  |o£  i^ftacnde  ; 

and  which  i»  therefore  theproperelt  l^me  for  obferving  the^admadi 

of  the  Sun.  becauie  the  Variation  is  then  the  leaft. 

Tie 
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The  Sun*$  Amplitude  by  the  ifi  CMft  of  the  id  Affronmical  Pre- 
Hem  J  Page  the  262^,  wiUbe  found  to  be  24deg.  xi  min.  33  fee. 
and  confequently  his  diftance  from  the  North  point  of  the  Horizon 
wiU  be  6$  deg.  48  min.  27  fee.  whence  by  the  help  of  the  prece- 
ding Calculation,  he  will  be  found  to  have  the  fame  Azimuth  at  loh. 
03  m.  35 f.?  in  the  Morning,  or  at  i  h.  ^f  m.  2^  C  f  in  the  After- 
noon, when  bis  Alcitude  will  be  found  to  be  50  deg.  43  min.  ^6 
fee  fo  that  between  the  time  of  the  Sun's  Rifing  at  5  b.  36  m.  oof. 
and  8  h.  14  m.  10  L  when  he  has  thegreateft  Azimuth,  and  which 
is  equal  to  2h.  38  m.  10  f.  he  alters  his  Azimuth  but  4  deg.  47 
snin.  42  fee.  that  is  not  quite  half  a  pointy  during  which  time  he 
afcends  35  deg.  52  min.  43  fee.  abo^'e  the  Horizon ;  and  again,  be- 
tween 8h.  14  m.  10  f.  and  10  b.  03  m.  36  f.  where  his  A zimuth 
becomes  equal  to  the  Complement  of  the  Amplitude,  and  which  is 
equal  to  i  h.  49  m.  2^f.  during  which  time  he  gains  14  deg.  51 
min.  53  f.  of  Altitude,  he  alters  his  Azimuth  again,  but  4  h.  47  m. 
42  f.  and  the  fame  in  the  Afternoon  between  the  hours  i  h.  56  m. 
'lyf.  and  3  h.  45  m.  49  f.  and  again,  between  3  h.  45  m.  49 f. 
and  the  time  of  the  Son's  fctting,  fo  that  )ietween  the  time  of  the 
Sim's  Rifing  at  5  h.  35  m.  00 1.  and  10  h^  03m.  ^6{.  in  the  Fore- 
noon, and  between  i  h.  56  m.  24  f.  in  the  Afternoon,  and  the  time 
of  the  Setting  "Sun  which  is  at  5  h.  .24  id.  66  f.  md  Whicl»4«  equal 
t0  4h.  27  m.  3(5f.^dbTiig  which  time  the  Sun  afcends  and  defcends 
50  deg.  43  min.  36  fee.  he  alters  his  Azimuth  but^f,  whence  it 
rs  that  the  Variation  in  thefc  Places  may  be  obferved  with  tlie  grcat- 
^^xa6tnefs,  fince  a  confiderable  Error  in  Time  or  Akitujde,  will 
make  Htrle  or  ho  Error  in  the  Azimuth  ;  and  'tis -for  this  Reafon 
th*c  Ottr  Mariners  oiigTit  to  omit  no  Opportunity  at  fuch  Times  and 

iO  fuch  Places,  to  make  aH  Obfervations  they  pan  poffible.  And, 

f  •  •  . 

IhaTmuch  as  the  fame  <?«f/^  will  happen.ln  all  Places  Ickaated  be- 
tw^  the  Iroficf  at  Qiie  rime  W  other,  atid  no  Moticc  bthrg  taken 
tjif  it  tri  the  Bodksiiow  in  Ufe,  1  have  been  fhe  more  ^rtieultr  in 
EicmpHfjmig  it,  bticaufe  many  good  Obfervations  have  been  loft, 
and  many  good  Opportunities  negledcd,  for  want  of  Pertbn^  being 

better  informed. 

...  , 
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Ajironomical  Trohtemt, 
Prob.  VI. 

Cafe  6. 


Given  the  Azimatb  of  the  Suo,  his  Dedinatjoir,  together  with 
the  Hoar>  to  fmd  the  Altitude  of  the  Sun^  and  Latitude  of  the 

Place. 

Example. 

The  Sun  having  ipdeg.  gpmin-  iofce.|  North  DecUnation, 
his  Azimuth  at  8h  30  m.  00  C  in  the  Morning  vtras  found  to  be 
South  72  deg.  12  min.  54  fee.  Eafl:  I  demand  his  Altitude,  and 
the  Latitude  of  the  Place  of  Obfcnration* 

*tbe  Stereografbic  Solution. 

I.  Having  drawn  the  Meridian 
ZONH,  the  Six  a  Clock  Hour  Cir- 
cle P  S,  and  at  Right-angles  to  it  the 
Equator  A  Qj  thro'  the  point  P  draw 
the  Hour  Circle  P'®S  forming  an 
Angle  of  52  deg.  }0  min.  00  fee  with 
the  Meridian  equal  to  the  Hour  60m 
Noon,  by  Cafe  the  3^  of  ProtUm  the 
gth^  of  Se£lion  the  id^  and  fet  off  70 
deg*  20  min.  jpfec.  4,  the-Comple* 
nent  of  the  Sim's  Declination  from  P 
to  0,  by  Cafe  the  id  of  Prvikm  the 
6th,  of  the  fame  SeEHcn,  then  will  0 
be  the  Place  of  the  Sun. 
2.  Thro'  the  point  Q  draw  the  Vertical  Circle  Z®N,  forming 
an  Angle  with  the  Meridian  of  72  deg.  tz  min.  54  fee.  equal  to  die. 
given  AzioHith^  by  X^afe  the  j^tb  oS  Proikm  xh^  gtb,  ofSeSioM  the 
ad,  and  the  thing  is  done  ;  and  Z  O  the  Sun's  Zenith  Difiance  may 
be  meafurcd  by  Cafe  the  ^dot  Problem  the  ^tb,  oiSeElhn  the  a^, 
and  O  P  the  Latitude  of  the  Place  may  be  mcaluced  by  the  Line  0/ 
Cbwds. 

LoforithmkaBy,  or  by  Calculation. 
In  the  Oblique-angled  Spherical  Triangle  2  P  ®  are  given,  P  O 
the  Complement  of  the  Sun'"^  Declination^  Z  ?  O  the  Hoar  from 

NoM 
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NooB,  «ad  the  Angle  P  Z  O  the  Azimuth  from  the  Meridian 
whence  ro  find,  firft,  the  Complement  of  the  Latitude  Z  /»,  it  will 
be  by  the  6th  Cafe  of  Ohliqut-aagled  Sfherical  Triaagles^  having  firft  let 
ftil the  Perpendicular  OR. 

As  il  cs,  2 />  O  :  :  t,  © /> :  t, /» «  i  that  is. 
As  the  Radius '     " ~ laooooooo 


*^mmmmmmm» 


To  the  Co-fiae  of  the  Hour  from  Noon  52.3  a  oo  ■    ■    9.7844471 
Sols  the  Co  tangent  of  the  Declination  i^.jp.iol  —10.4471785 

To  the  Tangent  oiPRz  fourth  Aroh  59.3^.08 10.231^254 

And  again.  As  t, <Z :  t, <P :  iS.PR-.S.ZR;  that  is 
As  the  Tangent  of  the  Aaimuth  7212.54  *   ••— io-4937p8i» 

•lITPI   II 

To  the  Tangent  of  the  Hour  SMooQ            ~           loii^oio; 
So  is  the  Sine  of  the  fourth  Arch  PR  $9.^6.0^ 9-9357759 

To  the  Sine  of  a  fifth  Arch  Z  R  21^808 ^ 9'5$^996k 

But  PR—ZR=Z  P  ;  thtt  is,  ifkom  the  fourth  Arch  y^deg.  26 
min,  08  fee.  betaken  the  fifth  Aroh  Z/{  equal  to  2ideg.  08  min, 
08  fee  there  will  remain  Z  P  equal  to  the  Complement  of  the  La- 
titude 38  dcg.  38  min.  01  fee.  this  therefore  taken  from  90  dcr.  or 
a  Qpadf  ant^  will  gi?e  P  O  the  Latitude,  equal  to  5  x  deg.  3  2  min* 

Or, 

Ifto  go  deg.  33  mia  jafec.  the  Cemplcment  of  the  fourth  Arch, 
be  added  the  fifth  Arch  ai  deg.  08  min.  08  fee.  the  Sum  yi  deg! 
3  a  min.  00  fee  will  give  the  Latitude  of  the  Place  of  Obfervation! 

Again,  tofitid  the  Sun's  Altitude,  it  will  be  by  the  fame  Cafe  of 
Otlique^oMgkd  Sfberical  Irianghsy 

As  cs,  P2i:cs,2lt:  :cs,  P®  :  CS,Z®  ;  that  is. 

As  the  Co-fine  of  the  fifth  Arch  PR  59.^6:0%  ■  ■         -9.7041508 

To  the  Co-fine  of  the  fourtTi  Arch  ZR  21.08.08 9-9(5975  kj 

So  is  the  Sine  of  the  Declination  1^.3910!  ^^ i.^.^p[j267$ca 

Te  the  Sine  of  the  Altitude  38.18.4tf  -— ^  — —97923508 

Yyyy2  O^ 
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Or  Ac  Altitude  ffliight  hare  been  found  direftly  from  Ac 
in  the  Qytftion,  without  letting  Jail  a  Perpendicular,  by  the  ijl  Caft 
if  Ohhqui-avgled  Sfberrcnl  Triangles, 

When  the  Hour  from  Noon  is  greater  than  the  Acimutfa  from  chc 
Meridian,  the  C^e  becomes  doubtful ;  as  the  foUowiRg  Examf/t 

Pfob,     VI. 

Cafe  6. 

The  Sun  ba?in|  iP  dcg.  39  min.  10  fee.  I  North  Declination^  at 

5  h.  iS  m.  22  f.  m  the  Afternoon,  his  Azimuth  was  found  by  Ob- 
.fbrvationto  be  North  74dcg.    03  min.    n  fee.  Weft-    I  demand 
the  Latitude  of  the  Place  and  Altitude  of  the  Sun- 

Tie  SHreografbic  Soluiien. 

I.  Having  drawn  the  Meridian 
Z  0  NH,  die  Stxa  Clock  Hoar  Cir- 
cle PSy  and  at  Right-angles  to   it 
the  Equator  J  ^,  thro*  the  Pdc  P 
draw  the  Hour  Circle  P  0  S,  Awr- 
ming  an  Angle  with  the  Meridian  e- 
qual  to  the  given  Time,  equal  to  94 
deg.  3  5  min.  ap  fee.  by  Cafe  the  ^d 
ef  Prohlem  the  9th,  o(  SeSlioM  the  21^, 
and  lay  ofl*  the  Complement  of  the 
Sun's  Decltnaiion  equal  to  70  d^. 
ao  min.  49  fee  i  from  P  to  ®,   by 
Cafe  the  ^d  6(  PrMemrht  6tb,  of  the 
fame  Se^eu,  tliis  will  reprefimt  the 
Place  of  the  Sun. 
J.  Thro*  the  point  O  draw  the  Vertical  Circle  Z  O  A^,  z  ©  », 
(by  Cafe  the  4^*  of  Protlem  the  p^A,  of  Settion  the  a/)  forming  an 
Angle  P  2  O,  P  2,  ©,  with  the  Meridian,  equal  to  the  given  Aa- 
muth  74  d^.  03  min.  1 1  fee.  and  the  thing  isdone ;  and  the  Zenitb 
diftance  Z  ®,  «,  0,  may  be  meafurcd  by  Cafe\he  ^d  of  Proifcur  the 
7xA,  of  SeSlion  the  2 J,  and  the  Complements  of  the  Latitudes  Z  P, 


a*  P,  may  be  meafured  by  the  Line  ofCbordj* 


That 
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That  this  Ci|/5f  U  doiibdy,  is  nttnifcft  by  the  Cm(iruSlien,  ani 
bv  the  ai  *mI  <^**  ^^^  •/  gkltiUt-angUd  Spherical  TuangUf  j  and 
therefore  to  find  the  different  Latitudes  ZO,  «.0,  in  the  Spherical 
Tfw'eleZ'i'^aw  giv«n,  tJie  A,i^lc  Z  the  Azimuth,  and  the  An- 
P  the  H<»B«»  and  P  '^  the  dift»n<jc  of  the  Sun  from  the  Pole,  whence 
by  the  id  and  6th  Cafes  ofOhlique-angUd  Spherical  Triangksy  having 
frft  let  fall  the  Perpendicular  c.  il  if  will  be, 

AsA:CS,  <!':  :  t,P0  :t,Pil;  tljat  is, 
As^theRadiM  — —  ^ — "^ — \ -looooopoo 

To  the  Co-fine  of  the  Hour  from  Noon  p4.35.a9 8.903355.8 

So  is  the  Co-cang.  of  the  Sun*s  Declinatipa  i9-39-i9l  io.447»783 

To  the  Tang,  of  a  fourth  Arch  PiJ  12.38.0a p.}5o534i 

And  again.  As  t,<Z :  x,<P :  :S.P  R'S.ZR;  that  is. 
As  the  Tangent  of  the  Azimuth  74.03.11 ■- 10.544023(5 

To  the  Tangent  of  the  Hour  94.35.19 ' ii.o^5M8» 

So  is  the  Sine  of  the  fourth  Arch  P  R  i  a.38.02 ^9.3398894 

To  the  Sine  of  the  fifth  Arch  2  R  5 105.59? 9.8911140- 

But  Z  P—PR—2,  P;  that  is,  if  from  the  fifth  Arch  51  deg.  05 
min.  59fec.i,  be  taken  the  fourth  Arch  PA  la  4eg    38  min.  02 
fee  the  Remainder  ZP  equal  to  38 deg.  27  mm.  57  fee  t,  takct» 
trom  90  Degrees  or  a  Quadrant  willleavcPa,  equal  to   51  deg. 
a-2  min.  02  fee.  i  for  on&Latitudc,.  which  is  North- 
^  Again,  becaufe  the  Supplement  of  Z  R-P  il  iscqua  to^^.;| 
from  the  Supplement  of.  Z  A  1 28  deg-  54  •">"•  0°  jec.  ?,  bf  t»\«n 
PR,  equal  to  12  dfg.  38  min.  02  fee.  the  Remainder  116  deg.  15 
min    <8fec.  i  itwillgivefc^P,from  which  taking ^way  a  Qiiadrant 

r9o?Dcgrees  it w^ll  leave  2d  deg.  t5^-J^(^cA.  f^^^^^J^J 
liStode  which  is  South,  for  when  Z  P^  more  t>an a  qjuadr^nt, 
Che  contrary  Pole  is  elevated  above  the  Boraoy  .  ,  v  A  ^  /  t 
A^Cto  find  the  Sun's  Altit^dc,  it  wjU  ii'c  by  i^i  H'xC"/'  of 
OiUque-aitgltdSfbtrkalTriMgltSy  •  •    v^ 


^8 
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As  S  <Z  :  S.<P :  :  S.  PO  :  S.  Z®  ;  diat  if. 


As  the  Sine  of  the  Azimuth  74.03 .« 


9^8ft9f5S 


To  the  Sine  of  the  Hour  94-35 -^^ 

So  is  the  G>-fine  of  the  Declinati<)n  19.39-10!  * 

To  the  Sine  of  Z  ®  equal  to  77.30.00  ■ 


»9-998tfo4i 


'9*989581; 


This  taken  from  a  Quadrant  will  leave  12  deg.  jomin.  00  fee 
for  the  Altitude  of  the  Sun  in  the  Latitude  of  5 1  deg.  3  a  mia.  01 
fee.  I  North,  but  taken  from  a  Semicircle,  will  leave  102  deg.  30 
min.  00  (eC'  for  the  diftance  of  the  Sun  from  the  21enith  z^  of  a  Place 
in  the  Latitude  o(  26  deg.  15  min.  58  fee*  |  South,  that  is  the  Al- 
titude of  the  Sun  in  the  Latitude  of  16  deg.  15  min.  58  fec.|  South* 

Prot.   VI. 

X^fe  7. 

Given  the  Altitude  of  the  Sun,  his  Azimuth,  and  the  time  oFtfcc 
Day^  to  find  tlie  Latitude  of  the  Place  and  Declination  of  the  Sua 

*  Example. 

At  half  an  Hour  paft  Three  in  the  Afternoon,  the  Sun's  Altitude 
was  obfccved  to  be  38  deg.  18  min.  45  fee.  I,  when  his  Azimuth 
was  South  72  deg.  11  min.  5  4  fee.  Weft  I  demand  the  Latitude 
of  the  Place  of  Obfervation,  and  Declination  of  the  Sun. 

The  Ster-eogr^bic  Solution. 

.  1 .  Having  drawn  the  Meridran 
ZO  NH,  the  Horizon  ffO,  and  at 
Right-angles  to  it  the  Prime  Verti- 
cal Z  N,  dr^w  the  Vertical  O'rcle 
2  ®  iVT,  forming  an  Angle  AZG>^ 
ot  72  deg.  12  min.  54  tec.  with  the 
Meridim,  by  Cafe  the  ^d of  Prchlein 
the  9? A,  of  SeSiion  the  21I,  and  lay 
off  the  5 1  deg.  41  min.  13  fee- f , 
tho  Complement  of  the  Sun's  Alti^ 

tude 
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twfe  from  2  n>  O,  ^y  Cafe  the  ji  of  Pr^tkm  the  <?/i&  ©f  the  fame 
Se^n,  then  will  @  xcpijrfent  the  Race  of  the  Sun. 

a.  Thro*  the  point  <:>  draw  the  Hour  Orcles  ©/>,©*  bv  Cafe 
Ihc^of  Protlem  the  j/A,  of  SeShon  the  a</,  forming  an  Angle  of 
5  a  deg.  30  min.  00  fee.  equal  to  the  Hour  reduced  into  Time  with 
the  Meridian  2  P  O,  and  the  thing  is  done  j  and  ®  P,  0  «  the  rc- 
fpeaivc  diftanccs  of  the  Sun  from,  the  Pole,  may  be  meafured  by  Cafe 
the  id  of  Problem  the  7/A,  ofSeSiioa  the  arf,  and  the  Latitudes  O  P 
9{y  may  be,  meafured  by  the  Une  oj  Chords.  * 

That  this  Ca/*  is  Ambiguous  is  plain  itoai the  CenftruBiou  and  the 
%d  Example  of  the  6th  Cafe  of  Ollique-augUd  Spherical  I'rianrlet  and 
thence  to  find  the  Latitudes  OP,  of,  by  Calculatiou,  in  the  Spheri- 
cal Triangles  ZPO,  Zp  ®,  are  given  2  O  the  Sun's  Zenith  dif- 
tance,  the  Angle  2  the  Azimuth,  and  the  Angle  P  the  Hour  from 
Noon,  whence  to  find  PO,  p  0,  the  Latitude*,  it  will  be  by  Cale  the 
6th  of  OUiqtu-angled  Spherical  Triangles^  having  firft  let  faU  the  Per- 
pendicular  <ii  R. 

As  the  R:c  s,<Z  :  :  t,  2  O  :  t,  Z  J?  j  that  is. 
As  the  Radius —. 


104)000  70  00 


To  the  Co-fine  of  the  Azimuth  7^.1 2.54  -  ^  ^o^o,  - 

So  is  the  Co-fine  of  the  Altitude  58.18.4ff  k .,0.  lot  3  077 

To  the  Tangent  of  a  fourth  Arch  21.08.08  —  ^  g  _ 

And  again,  Ast,<^:t,<2:  •S.ZR.S.PIii  that  is 
As  the  Tangent  6f  the  Hour  5  ajaoo  -i^.^t « 


io.i15ar.pj. 


Tothe  Tangent  of  the  Azimuth  72.12.y4 -io.4057o8q- 

So  is  the  Sine  of  the  fourth  Arch  31.08.08  - ^.TyJoptfJ 

Ta  the  Sine  of  a  fifth  Arch  59.3tf.08 ^ ^935777^ 

Bat  P  R—Z  /U=Z  P  '  that  is,  as  the  fifth  Arch  P  iTcqual  to  kq. 
deg.  jUmin.  08  fee.  leflkned  by  the  fourth  Arch  2 P,  equal  to  It 
deg.  08  min.  o^  fee-  will  give  ZP,  equal  to  38 deg.  28  min.  ca 
fee  and  this  taken  from  so  Degrees  or  a  Quadranr,  wiH  leave  1 1 
deg.  32  nun.  00  fee.  equal  tp  ^  O  the  Latitude  North. 


r6  6  Jjlmimkdl  frohUms. 

Again,  Becaufe  theSup^eid^df /lP:irJt>-r^Zj|^2p^  iffix»tt 
120  deg.  23  min.  5^  fee.  ch6  Su^pkHieMot  the  fifih  Arch,  be  ta- 
ken the  fourth  Arch  2.ii  cqnal  t&  if  dee.  <bS  Mni.  08  fee*  the  Re- 
mainder 99 deg.  15  min.  44 fee.  i4  <^T  toZf^  ftoiii ^hedle  tal- 
king away  90  Degrees  equal  to  Z  O^  theft  will  Kmaitt  O/,  ^uai  Co 
p  deg.  1 5  min.  44  fec«'  iot  the  otbet  Latitude  wbidi  i%  &t>uth»  for 
becaufe  Z./»  is  greslrer  than  d  Quadrant,  the  oppoiite  Pole  to  i*  is 
elevated  above  the  Horizon* 

And  again,  to  find  the  SunVdiftance  ffom  the  ^ok,  k  will  hchy 
.the  ift  Cafe  of  Ottrque-angUd  Spherical  TrinUgl^t^ 

AsS.<^:  S.<Z:  :S^Z®:S./'G;  thatis, 
As  the  Sine  ofthe  Hour  from  Noon  51^30.00   ;*      *  9''^99^^6j 

To  the  Sine  ofthe  A^im.  from  the  Merid-  72.12.54 ^9-9787}  25 

So  is  the  Cofine  ofthe  Altic*  ofthe  Sua  38x84(5?— -9.8945^85 

To  the  Sine  of  ©  70.ao.49i    ■    ■     ■   ■■ — -— .  — -  9.973PJ44 

TWs  taken  from  90  Degrees,  will  leave  ipdeg.  jptnin-  10  fcc.f 
for  the  Sun's  Declination  North,  in  the  Latitude  of  ji  d^.  31  min. 
,06  fee.  North,  but  taken  from  i8o.  Degrees,  will  leave  109  dc<»* 
39  raift.  10  fee.  I  for^  0  thediftance  of  the  Sun  from  the  Pole  in 
the  Latitude  of  9  <ieg.  15  min.  44  (oc  South,  whence  his  Declina- 
tion is  given  again  19  deg.  39  min;  10  fee.  I  North. 

But  when  the  Hour  from  Noon  is  ereater  than  the  i^zimuth  from 
the  Meridian,  theC<2]ft  is  then  Iftnited  andconfin'd  to  oae  ^nfvxr  as 
.  chc  folLowiog Exofupte  will  makea^pe'ar.  '  ' 

Pioh.  VI. 

Cafe  7. 

Exatftple  3. 

..  "^',f  ^X'.l"-  **'•  '".  *^  Afternoon,  the  Sun's  Altitudt  yns 
found  by  Ubfervation  to  be  12  deg.  jo  m«i.  00  fee  when  his  Azi- 
muth was  North  74  deg.  03  min-  1 1  fee.  Weft.  I  demand  the  La- 
titude ot  the  Place,  and  Dcolii4tion«t  the  Sua. 

7ht 


jftionomkd  Problems, 


4^1 
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Thn  Stenographic,  S^lutktC. 

u  Haying  drawn  thct  Meridian  .  •  ; 
ZONH,  the  Horizon  HO,  the 
Pcime  Vertical  2  iV,  and  the  Vcrtieal 
,  Circle  Z  Q  JV,  fojrming  ar^Aogle  of 
74  deg.  03  min.  1 1  fee.  with  .the 
>Jonhern  parc^if  the  Meridian  Z0/S7, 
by  Cafe  the  3^  of  Problem  the  p/A,  of 
JSeilion  thc.2y^,  and  •  laid  off  the  Sun*s 
.Zenith  diliapcc  fromZ  to  0,  in  the 
fame  Circle,  by  Cafe  the  3^  of  Problem 
the  6/A  of  the  fame  SeHiony  thro'  tlie 
point  O  the  place  of  the  Sun,  draw 
the  Hour  Circle  P  ©  5,  forming  an 
Angle  2  PQ>^  of  P4  deg.  3  j  min.  ap  fee  equil  to  tlie  time  from 
Noon,  with  the  Meridian  AZP^  and  the  thing  is  done ;  and  ^  O 
tlK  Sun's  diftance  from  the  Pole  may  be  meafHted  by  Cafe  the  jd 
of  Problem  the  jib  of  *&£l/pif  the  a^,  and  Pa  the  Latitude  of  the 
Place  may  bemeaigred  by  the  Lhie^  Cbordu      ^ 

.That  thw  Cqft  is  limited  is  pbun,  from  the  i^  Exsmflt  of  the 
tf/A  C4A  of  Oblique-augkd  Spherical  Triangkst  and  from  the  Confiruc- 
tiottt  and  therefore  to  find  the  Latitude  OPbj  Calculation,  in  the 
Spherical  Triangle  ZP®  are  given,  2  O  the  Sun's  diftance  from  the 
Pole^  the  Angle  Z  the  Aziniich,  and  the  Angle  P  the  Hour,  whence 
tofindfirft  OP  the  Latitude,  it.  will  be,  baring  firft  let  fall  the 
Perpendicular  0  R,  by  the  iStb  C»ft  o(  ohJique,  8cc: 


t 


..  .     .A»  ^,ic.%<;2  J. ;  t,.?  «>,:t,  ZR;  tbttia,.  ^  ■',      .-, 
A^the  Radius  ■■        .   i  o.ooooooo 


To  the  Co-fise  of  the  Azimuth  74.03.1  x| 
So.is  the  Co^geiit  of  th«  Altkude  i a.j'Oioa 

To  the  IVuigenc  «f  aibuM.  Arcb^S  k.o;I$l 


-^438931* 

xo.o54i44t 

■   I.     ^J   ■^'^■* 

>io.dp}x7tfd 


Zazz 


And 


1 6^  Afftmmicd  froUems. 

And  again,  ascJ,20:cs,P® :  :€<,Z£:  cs.PR;  that  is, 
As  the  Sine  of  tlw  Altitude  ia.30.00  —    ■'     -'  —  5>>33S33^S 

To  the  Sine  of  the  Declination  19.59.  lol—- ?.5«<7557 

So  is  the  Co-fine  of  the  foutA  Arch  5i.o$.$8f  9.7979380 


rt» 


To  the  Co-fine  of  the  fifth  Arch  1 1.37.58^  *— « 9.9S9J  ^69 


wmmm* 


|lut  2  R-^P  /l=Z  P,  that  is,  the  foortb  Arch  y  i  dcg.  05 
mill.  58  fee.  t,  Icfencd  by  the  fiWi  Arch  I2.J7.5'8|,  wBI  leave  38 
des-  iS  R^io.  00  fee  for  7L  P,  which  taken  from  90  Degrees^  wfl( 
leave  5 1  deg.  3  2  min.  00  fee.  for  P  O  the  Latttade  North. 

And  for  the  Declination,  it  will  be  by  the  ift  Cafe  rf  Otlique,  &c 

Afi«.<^:S.<Z:  zS.ZQ't&FOs^hasis, 
As  the8itie«f  theHour^jy.a^  ■  —  p.^Wo4£ 


i*^»«« 


Tothe8»ne«ftheAzimiith74.o3.iiJ  —— ^9.9*29568 

So  is  the  Co-fine  of  the  San's  Altitude  i  a.30.00  — — ^99^95815 


To  tfce  Co-fine  of  the  "Pediaatioo  19.39.10I  —9973^14* 

Prdb.  1^. 

Cufe  8. 

GiTenthe  Latitude  of  the  Place,  the  Altitude  of  the  Sun,  and 
the  Hom  of  thflDay,  to  find  the  Suit's  Asiniuth,  snd  his  Declina- 

Exan^k 

(  jRtbe^Latkade.^^<de8.  }>iniia»  pofeo-Hfm^  xt^auntes 
after  Thvee^n  Afternoon,  oie  Sun's  Altitude  was  found  to  be  38 
4l^-*»8jaia.^tf  ice.  i  -I  dMMi^  thff  Mij^nianifr  iid  Dcdi- 

7»» 


tJk  Steri$ffrafbic  S0luii0n. 

,  X.  Having  dama  the  Mcddisax  gr 

ZotJH^  the  Horizon   H0»  ancfat  

Rigbt-aoglcs  to  ic  the  Priinie  Vertical 
Z  Nt  fet  off  the  Latitu^o  51  deg.  3a 
mio.  00  Tec  from  0  to  P,  and  draw 


5<^J 


CiositHwwCIrdc 
at  fiUgbt-aagks  to  it  the  £quatbr  AQ: 

X.  Tfaro'  ditf  PoAit  9r  't)>^  thtf 
HoarCidctePe  j^  fetmffigi^av  AAgto 
Z.P^cC'  ^ideg^  90H)in^ofec<<i|aftt  c 
to  tho  Tiote  frota  IftoWy  tuith  ftio  ^ 
Meridian  ZONH^  by  C^/r  the  3 J oCiBVoMvi  Ac^li<  olMim 
the  2ii.  .      . ' 

3.  About  the  point  Z  as  a  Fole,  attlie dKCance  01  ii  deg.  41  min. 
13  kC  I  the  Complcmcfat  of 'thd  dttt^^  Alritacit; 'tftt^^ 
1q1  wl  O  fli»  by  C^/rlhe  a^  of  Prok/evK  the  411^^.  of  the  fame  .& ^^lon^ 
where  this  cuts  the  Hpiir  Clrtfe 6efort  drawn  in  5,  it  v^rillgiye  thtf 
^lace  of  the  Sub. 

.  4  Thro^'the  point  O  and  the  Zcpith  ^d  Nadk^  draw  t^e  Vet;, 
tteat  Citd<:Z  ®N,  an3  the  thing  fs  done  V  and  P  *  tht  Ccmpk^ 
xnent  oi  the  Sun's  Declination,  may  be  meafurcd  by  Cafixbc^dol 
PtMem  the  jth^fiifSeSHM  the  a^,  and  the  Angle  2  the  Aaimuth,  majP 
be  meafuced  by  C^j/f  the  a  J  oiProbkm  tho  ro^^'  ef  tho  lameiiS^ioii. 

LogaritbmicaSj^  w  hj  Calculation. 
Jttthe OWitJtit-ari^ecf,  «r^  Z  l^a^^g?Wt?/i^;^rfttj  Cttiplc- 
rntntof:  t!te  Laritade,  Z  9  the  Gbaltplemditerf^  d^d  Al^kAde,  add 
the  Angle  P  the  Hour  from  Noott;  wfteiiodfo^  fiHStfiP  A  >  16  #il|: 
be  (having  firft  Jet  fall  the  Perpendicular  Z  R)  by  the  i/?  Examfle 
of  the  id  Cafe  of  Oblique-ai^led^  tec* '     i 

As  /( :  c  s^  <P :  j  t^^  P  :  t,  PH ;  that  is. 

As  the  Radius  *— .^-1..— ___— ^ —  xo.0000000 


To  ibi  pJ^ijUf  of  th^H^Ut  $:^.)9'0<^. 

So^iB  th»  Q>-$a9|Qnt  ^  (he  {.acMe 
TOrtoe  Tangent  of  a  foonh  Arch  PR  sjwfg.^p  ■9.6845335 


Ztzz  1 


And 


1  (J^      '  Aftttnmkd  frohUms, 

And  again.  As  c  s,  Z  PzcsitO  V:  c  s,  PR  re  s,QR;  that  is. 
As  the  Sine  of ihe  Latitude  j  1:3  i.do  '  ,^.'[  *    ' ''  '<  '       9  85>  1743  » 

SCo'tke^ni Vf  the^i^tudcJ}8.i  8.45^  ■        — -—  p.ypa^6oS 
So  i*lEhe'Co^(iric9f>hel(burth  Arch  2S-4*'\9 ' — --9'-P5435<Stf 

)  P  ©,  that  is,  the  fourth  Arch  25  dcg. 

^,  ^ ^^  the  fifth  Arjch  44 dcg..  3a  miii.  10  feci, 

wilf|iK3;oddg.  2oMn.  49  fori,,  ji  JforP  0,  which  t^ed  &om  90 
DcgrccsTwiH^wrtfc  19  39!  10^  Jto  ftc.j  forthc^San'sI>ccIi^a- 
tion  North ;  V^enceto  find  the  Azimuth,  or  An^^e  at  P^  it  will  be 
by  t!bei  J  ft  Cafi^iOttijUf 9  9tc^^\^r  -^^u  .\  J     . 

As  S.  2  ©  :  S.  P  O  :  :S.  <P ;.  S.$:Z  ;  that  is, 

1  As 01C Co-iw  Artmaa^jSaM^I  ~- r 9-8^4^^85 

tbJtli?  Oi-fine  oif  ihe^bedinaflon^  V9^>^^ 
"So  IS  the  Sinex)f  tiic  Hodt  ji'^COd^-^ — i^*— ~-  9.299^67 

t9,tW^ncofthii^A2|md|\7'a.t^  —   ^-SySTjaj 

)i^lfchiy*-S!duthWeftcriy;^-'= ':^  r:- V 

^Or  thtf  Aiimatfa  might  ha:ve'bccn«)pnd^dittd!y,;^y  the  .4**  Cafe 
cHOhU^uiraHglid-^tetnatfriMiltiy  aid  thetice  the  Ifcdtnacion,  by 
Co/ethe  i/l-  .v./.V;'  0:u^  v'. -o  , •■'.•.>■/.'.•.!.'..••'..■>. I 

-  ftpft;!»&c^*«^tiw4ero|the:&n:M  g»:e^t^^^ 
the  Pl^ce  theC^/fcisnot  limi^  and  admits^  ol  twoy^vfr/,  astbe 


>    «     t    i 


■    Prob.  VL  J  ; 

ExamfU  sJ 

In  the  Latitodrtif  1 3  deg.  ;« inin.  06  fe&  North,  the  Son  hmog 
tfodeg: '^omin.  oofec^.  ot<  Aftkade  .ae  fwo  o£.  the  Clock  bthe 
Altetffoon.'  I  demand  the  Azimuth  oi  ^  Sna>  and  his  DedinadoQ 

Tie 


Jjironotmcal  problems. 


\H 


;  Iht  Surtogre^hic.  Solutiom, 

I.  Having  drawn  the  Meridian 
ZONHy  the  Horizon  HO,  and  at 
Right-angles  to  it  the  Prime  Vertical 
Z  Ny  fet  off  the  Latitude  of  the  Place 
ij  deg.  ;jo  min.  oofec  from  p  to? 
and  draw  the  Six  ai  Clock  Hour  Gir** 
clc  PSy  and  at  Right-angles  to  it  the 
Eqpator  AQ^ 

2  Thro*  the  Pole  P  draw  the 
Hour  Circle  P®Sy  forming  an  An>* 
gle  of  30  deg.  oomin.  00  fee.  (equal 
to  the  Hour,  from  Noon)  with  the 
Meridian,  by  Cafe  tht  id  oiProhkm 
the  p/i,.of  SeWon  the  2d. 
*  3.  About  the  Zenith  Z  draw  the  Small  Circles  O  0^,  at  the 
diftancc.  of  ?5>  deg.  30  min.  00  fee.  the  Complement  of  the  Sun's 
Altitude,  by  Cafe  the  2d  of  Protlem  tKe  4/A  of  the  fame  Seliion. 

4.  Thro*  the  InterfedioBs  O  ind- ©,  of  this- Small  Qrcle,  with  the 
Hour  Circle  before  drawn,  draw  the  Vertical  Circles  Z®N,  Z®N^ 
an^he^hins  is  done ;  and  P  ® ,  P  ©,  the  Complements  of  the  Sun's 
I^linitipo,--«fty-bcJiieaf|ir€d  by  Cafe  the  3W  of  Protlem  the  7th  of 
55pa«tthc  ai,  and  the  Angles  ^2  0,  P2  €>,  the  Azimuths,  may 
be  racafitfcdby  Cafe  the  2doi  Protlem  the  loth^  of  the  fame  SeElion* 

That,  this  C4/#JsxU>iibcful,  ahdiidBiks  of  two  4npMr$  is  manrfeft;: 
from  the^  and  4/A  Cafes  of  Oblique-angled  Spherical  Triangles^  and 
from  the.  Cw^r«^*?j  and  .'therefore  id  €b4  firfttbe  declination, .  it 
will  be  by  the  3ii  Cafe  of  Oilique,' 8cc.  having  firft  let  fall  the  Pet- 
pcndicolar  ^ 


Asthe  il:cs,<P:  :  t,  JPZ  :  t,  Pil;  that  IS, 


AsthelUdius 

To  the  Co-fine  of  the  Hour  from  Noon  30.00.60, 
So  is  the  Co-tangent  of  the  liatitnde  13.30K30 


lO-OOOOC^OOO 


>io.(^i  9114^3 


To  the  Tangent  of  a  fourth  Arch  74*30.10 


ilP 


'io.fi7i769 


AjB»n; 


J  ^5  Jflronomicd  Trohlems.  \  . 

A^in,cs,2P:CS,Z©:  :es,PR:cs,® Ri  thato 
As  the  Sine  of  the  Latitude  13.30.00  — *-»——*— 9'-3^«*5J 


lA* 


To  the  Sine  x>(  the  Altitude  50130.00        — —  — *p.j>39tf9tf8 

So  is  the  Co-fitje  of  the  fourth  Arch  PA  74.oo.«o— -j.4«tf74tf^ 


■»      ^m 


To  the  Co-fine  of  a  fifth  Acch  ®  iJ  5.07.30——^ — — .9.^^ij«4 

Now  P  il + Sr  il=i'  O ,  that  is,  i(  to  PR  the  fourth  Arch  74  deg. 
JO  xnin.  20  fep.  be  added  ©  /I  the  fifth  Arch  j  deg,  07  rflin^fec: 
the^um  7j>  dig.  38  min.  00  fee-  taken  hrom  90  Degr^  Witf  leave 
lodejgw  >ainii.  00  fee.  for  one  Declination  North. 

Agaiir,  if  freifrT'  R  the  fourth  Arch  74  deg.  sotdin.  ao  fee.  be 
taken  ®  R  the  fifth  Arch,  the  Reiffaindcr  F©  equal  to  57  <feg.  21 
min.  40  fee.  taken  from  j?o  Degrees,  will  leave  20  deg.  3  7  min,  to 
fee.  for  rt>e  other  Dedination  North. 

Whence  to  find  the  Coftefpdiiderit  Aiimotb,  it  vHlLtte 

.A»S.Z®  :SLP0:  :3.<P:$.<Ei  that  iff. 

As  Ae  Co^fint  of  tire  Alticudd  ifo.joxao-     '  "  ^" ^rfyajjW 


^o  tfic  €6-(!ne  of  Ae  Declination  »o««jw» 

i$  the  Sine  of  the  Hour  30.00.00  ' n-^^ap^ftfo* 


,  ««WM^tarilafc-A« 


To  the  9!he  ofthe  Aatmaek  S7.»».ai4—— -**——— 9»P»4*3  4 


rt  I    nil    n  ■** 


Mtmritig  ea  <o  deg-  22  nftli.  06  fee.  Kdftb*  Dwl«m*a 
As  the  Co-iioc  of  the  Altitude  do.30.00  j>¥«^!2^j88 


mAi 


To-tbe  Cor|incxj£  the  DedinatioiLafl47!»o  -r- 9^7'MP» 

Sais-tbcSincof  the  Hour  30.00.00——— ^.Spt^oo 

To  the  S«e.o£xht  Awmuib  jt^fv^i^i        ■  '9-977^7*4 

Aiid-  bwMfii  the  firft  of  thcfe  bcciinacions  carrcfponds  pretty  near 
toAi^^th  of  April Sivid  the  X5f&  of  Augu^j  and  the  latter  to  the  1 2tb 


eft  May  and  (be  lotb  o(  Jutj^  ic  fi»Ilovrs,  that  At  Ssrhiuhet  upon  each 
of  thefe  times  the  Sun  has  the  fame  Alcivide  ac  the  faaie  Hour^  thac 
is  at  two  Hours  from  Noon  the  Sun  has  60  deg.  30  min.  of  Alti- 
tude, but  on  the  two  firft  Days,  vix^  doc  6tbQk  April  and  the  i  ^th 
oft  Ang^i  iiis  Azimuth  in  die  Afrerooon  is  Nosch  S7  deg.  i  %  min. 
^  f  fee  Weft,  or  Weft  a  (|uartcr  North  iieariy,  afld  in  the  Morning 
tJoctti  87  deg.  12  min.  21  fee.  £aft,  or  £afi  a  quarter  North  nearly ; 
button  the  tvo  latter  D;tys,  wt^.  the*  12 fir  oi  May  and  the  i6tb  oi 
^«/^,  his  Azimuth  in  the  Afternoon  isN<Kth  71  deg.  51  min.  52 
fcc*  I  Wei^  or  Weft  North  Weft  a  quarter  Weft  nearly,  but  in  the 
Morning  it  is  North  71  deg.  5  imin.  52  fee*  Eaft,  or  Eaft  North  Eaft 
a  quarter  Eaft  nearly. 

Prob.   VI. 

Cafe  p. 

Oiven  the  Latitude  of  the  Place,  the  Altitude  of  the  Sun,  and  hiif 
Aamudi,  to  find  the  Declination  and  the  Hoar  of  the  Day* 

Examfk. 

In  the  Latitiide  ef  51  deg.  ^ajoin*  ooifoc*  Nettib^  the  Son 
hvm^i%  deg.  18  min.  46  fee.  ?,  his  Azimuth  at  that  time  was 
figood 40 Jbe.focith  7a  d^,  1 2  min*  54  fee.  Eaft.  1  demand  the  De-^ 
rHnanoo  of  ebe  Sun;  and  the  Hour  df  the  Day. 

^  T%e  Stereografbic  Soluti^. 

I.  Haviqg  drawn  the  Meridian 
2  0  N/r  the  Horizon  HO,  and  at 
Right-aqgles  to  it  the  Prime  Vertical 
ZNj  UtQSii6s^  3.2  min.  the  La* 
dtade  fromO  to  A  and  draw  the  Sis 
a  Oock  Hour  Circle  P  S,  and  at 
Rig^n^ngies  to  it  the  Equator  ^tf^. 

^,  Tim'  dieZenkfa  2drair  theVcr- 
ticalCMeZ  0  itf;  fecmiw^M  Angte 
€)l[  7  a  deg.  12  min.  ^^(cq,  with  the 
Mmdim^f'byiCrfijiMtiJaihrtUim 
the  9ib,  ofSeBim  the  %d,  and  layoff.  ^  .di^< 


^  t$  8  Afirm^mcd  frohlem. 

51  dcg.  4ttnin.  tjfecf,  the  Complemenc  of  the  Sun's  Altitude^ 
in  it  from  Z  to  O,  by  Cafi  the  3^  of  Prchlem  the  di6  of  the  fame 
Setlfon,  then  will  ®  reprefcnt  the  Place  of  the  Sun. 

3.  Thro'  the  Pales  P  and  .S;  and  the  point  0,  draw  the  Hour 
Circle  P  d  Sy  and  the  thing  is-done  ^and  the  Angle  JP  the  Hour  from 
Noon,  may  be  meafured  by  Cafe  the  id  of  Putkmth^  Mth  of  Sec^ 
^ion  the  idj  and  P®  the  Complement  of  the  Sun's  Dedioation,  may 
be  meafured  by  Cnfe  ^d  o(  J'rdhmJchc  jtb,  of  the  kmc  SeiiioM. 

LogarithmicaSy^  or^y  Calculntim 

In  the  Oblique-angled  Spherical  Triangle  PZO  are  given,  2  P 
the  Complement  of  the  Latitude,  J?  0  the  Complement  of  the  Al- 
titude, and  the  Anglt;  2  the  Azimuth,  whence  to  find  the  Angle 
P  the  Hour  from  Noon,  having  firft  let  fall  the  Perpendiadar  R  O 
it  will  be,  by  the  id  Examf'le  of  the  9th  Cafe  of  OHifue^  Sec. 

As  the  R:  cs^  <Z  :  xt,Z(S)it^ZRs  that  is^ 

As  the  Radius • —  ■     '■      10  0000000 

■  ^^^^^^^^^* 

To  the  Co-iine  of  the  Atimuth  yi.ix.^/^  p.4849345 

So  is  the  Co^tangent  of  the  Altitude  38-18.451  10.1023077 

To  the  Tangent  of  a  fourth  Archai.o8.o8  ■    ■■  g*5  871411 

But  ZR^Zf^PRy  riiatis,  if  to  the  fioortfa  Arch  11  dcg.  oS 
tnin.  08  fee.  be  added  the  Complement  of  the  Latitude  38  dcg.  iS 
min.  00  fee  the  Sum  51  deg.  ^6  min.  08  fee.  wSlgive  a  £fii  Arch 
f  R ;  wherefore, 

Asthe5.P*:S,2/t:  :t,<Z:  t,<P;  that  is. 
As  the  Sine  of  the  fifth  Arch  5p.3tf.08'-  ■         ■  9Pi577S9 

To  the  Sine  of  the  fourth  Arch  ix.08.08  »■  »■  ■  p,y  56996^ 
So  is  die  Tangent  of  the  Azimuth  71VI1.54 ^0^493  7p8p 

TotheTangentof  the  Hour  5a.30.00— — — ^10.1150195 

Which  reduced  into  Time  and  taken  froni  twd?e  Hours,  will 
:[^re  S  b  30  in.  00  f.  for  the  Hour  an  the  Morning,  becaufe  iIk 
Azimuth  was  Eafter^r. 

Again,  by  the  2d  Examfk  di  the  MQtb  Crft  of  OUifm,  Ac* 
to  wA  the  Declination^  it  will  be        :  *  ' 

As 


Jfiranomkal  Trohims*  j  jjp 

•Asthcc.»,ZRics,PR:  :cs,2®:cs,  PQj  that  is, 
As-the  Co-iine  of  the  fourth  Arch  21.08.0^  ^-! p.p(5p7j  J9 

■ 

To  tfacCohfinc  of  the  fifth  Arch  $9.36.02 
.  So  is  the  Sioe  of  the  Altitude  38a  9.45^-— 

To  the  Sine  of  the  Declination  ip.^9.  loi — 


9.7041  $oS 
■p.7pa3tfo8 

p.5ag7557 

Or  the  your  being  firft  obtaineil,  the  Declination  might  have 
icen  found  by  dw  firft  Cafe  ofQblique,  &c  or  the  Dcclinatiort  being 
deternuncd,  the  Hour  might  have  been  invelligated.by  the  lame  C^. 

Prob. .  VI. 

Xiafg  .10. 

Civen  theLa'titude  of  the  Place,  the  Hour  of  the  Day  and  Azi- 
muth of  the  Sun,  to  find  the  Sun's  Altitude,  Declination,  and  the 
Angle  formed  by  the  Vemcal  and  Hour  Circle  paiBng  thro*  the  Sun. 

In  the  Latitude  of  5 1  deg.  ji  min.  00  fee.  at  3I1.  30  m.  00  f.  in 
.ttie  Afternoon,  the  Suns  Azimuth  was  found  to  be  South  7a  dec. 
12  sain.  jA  fee  Weft-  tdcmandhis  Altitude,  bis  Declination,  and 
tiie  Angle  formed  by  the  Vertical  and  Hour  Circle  puffing  thro'  the 

Sun. 

•         —  •  # 

'Tht  Steret^afbic  S«lutm. 
I.  Having  drawn  :  the .  Meridian      ^ 
ZONHt  the  Horizon  HX),  and  at 
Right-angles  to  it  the  Prime  Vertical 
ZNy  fet.otf  the  latitude  5.1  deg-  32. 
min>  00  fee.  from  O  to  P^  and  draw 
the  Six  a  Qock  Hour  Cirde  />  5*,  and 
at  Right-an^  to  it  the  Equator  AJU^    &\ 

1.  Thro*  the  Pole.  P  draw  the 
Hour  Circle  i»  0  5,  fortaing  an  An- 
gle with  the  Meridian  of  5  3  deg.  30 
min.  00  fee.  by  Caft  the  idoi  Pro- 

Aaaaa  hJm 


.yQ  Jjironomtcal  Trohlems, 

hkm  the  9th  oiSemm  the  tdi  alfothro*  thepohreZ  draw  Ac  Ver- 
tical Circle  Z  ©  N.  forming  an  Angle  with  the  Mendian  of  7*  dcg. 
I  s  min.  54  fee.  by  the  fame,  and  the  thing  is  done ;  and  the  Comple- 
ment of  the  Altitude  Z  ®,  may  be  meaforedby  Cfl/r  the  ifotPr*- 
fkm  the  -jth  diSeeiim  the  »/,  and  P  O  the  Complement  of  the  De- 
clination, may  be  mcafurcd  by  the  fame  Caf*. 

LogarithmcaUj,  w  iy  Cakutatm. 
In  the  Oblique-angled  Spherical  Triangle  ZP®  ate  given,  2  P 
the  Complement  of  the  Latitadc,  the  Angle  2  the  Aztmnth,  and 
the  Angle  P  the  Hour  from  Koon,  whence  to  find  2  ©  the  Com- 
plement of  the  Altitude,  it  will  be  (having  firft  let  fell  the  Perpendi- 
adar  Z  R)  by  Caft  the  Ztb  oi  OOifue,  &c. 

AstheJt;cs,21>:  :t,<P:ct,^2llj  thatis. 
As  the  Radios  — -lo.ooooooo 

To  the  Sine  of  the  Latitude  5 1. 3  a.oo—  *— — p.Sp J74S  » 
So  is  the  Tangent  of  the  Hour  5  2.3  ».oo 10.1 1  joi^5 

To  the  Co-tang,  of  the  <PZR  or  a  4/A  Arch  44'25.i8|  10.0087^47 

But  the  Angle />  Z  ®— P  Z  il=0  Z  A,  that  is,  if  from  the  Aad- 
muth  counted  from  the  North  107  deg.  47  min.  o5  fee.  be  taken  the 
fourth  Arch  or  Angle  P  ZR  44  deg.  15  "wn-  >'  ^c  f,  Aere  will 
iiemain  a  fifth  Arch  or  the  Angle  Q>  ZR  63  deg.  ai  min.  47  fee  1; 
wherefore. 

As  cs,  ®i/l:cs,PZJl:  :t,  PZ  :t,©Z  ;  tfaatis. 

As  the  Co-fine  of  the  ^tb  Arch  or  <®Z/J  tf3.ax.47*  — ^.tfjitfoai 


To  the 


To  tne  u>-ime  ot  tne  ^h 
So  is  the  Co-tangent  of  the 


.^000865 


To  the  Co-tangent  of  the  Altitude  3S«iS*4tff  — —  laioa  J077 
Whence  to  find  the  DedinatioD,  ic  win  be  by  tbc  ficft  C^e  of 

OHiqutf  8CG, 

As 


Aftrommkal  frohUms.  j  7 1 

AstheS«<P:S.<Z:  :S«ZO:S.PO  ;  that  is, 
As  die  Sine  of  the  Hoar  51J0.00       »    ■     ■■  »'8pp4tftf7 

To  the  Sine  of  the  Azimudi  72.1 2.  J4  -1——  ^9^97873  25 

.  So  is  the  Q>-(ine  of  the  Altitude  38.18*461  ■    ■  ■      -9,894568^ 

To  the  Confine  of  the  Declinatioo  19.19-^oi  ———9.9739344 

And  to  find  the  Angle  Z  O  P,  formed  by  the  Azimnth  and  Hour 
Circle  paffing  thro'  the  Sud^  ufually  called  the  Angle  of  Pofitioa^  it 
will  be  by  the  ifi  Example  o(  the  qth  Cafe  of  Oblique^  &c. 
AstheS.<PZ/l:S.<®Zil:  :  c  $,  <P  :  cs,  <  ® ;  that  is. 

As  the  Co-fine  ohhe  <iPZR  or  ^b  Arch  44.25. i8f—9.84$o583 

To  the  Sine  of  thcr<®ZR  or  ^th  Arch  tf3.21.47 J 9.9 j  1 2724 

.  So  is  the  Co-0Qe  of  the  Hour  from  Noon  52.30*-*'— 9.7844471 


mi 


To  the  Confine  of  the  Angle  of  Pofition  ZOP  38.58.27  9.8906612 

Or  the  Altitude  being  found,  the  Angle  of  Pofition  might  hare 
been  found  by  Qffe  the  ^  ^f  OkUfue^^a^led  Sfbencal  Triat^les. 

Prob.  VL 

Cafe  II. 

Given  the  Latitude  of  the  Place,  the  Hour  of  the  Day,  and  the 
Angle  formed  by  the  Aaimutband  Vertical  Ciicle  pafling  thro'  the 
Stto  or  Ai^le  of  Pofition,  to  find  the  Altitude  of  dbe  Sun,  his  Aai* 
muth  and  prefent  Declination* 

Ex(Mifh. 

In  the  Latitude  of  5 1  d^.  32  min..oo  fee*  North,  at  3  h.  30  m. 
in  the  Afternoon  the  Angle  ot  Pofition  was  found  to  be  38  deg.  58 
mill.  27  fee.  I  demand  the  Altitude  of  the  Sun,  his  Azimuth,  and 
the  present  Declination. 

Anfwer. 
The  Altitude  is  38  deg.  i8min»  46  fee  |,  the  Declination  19 
deg*  39min.  10 (eel  Weft,  and  the  Azimuth  South  72 deg.  la 
min.  54  fee.  Weft. 

A  a  a  i  a  a  This 


17 1  Jjlronomical  Troblems.    . 

This  Cafe  Gonfidercd  as  a  Spherical  Triangle  is  Ambiguous^  by 
the  2d,  ^th,  znd  6th Cafes  of  Ohriqueangkd  -Spherical Triangles^  in* 
afmuch  as  the  Angle  of  Pofition  is  Icfs  than  cfae  Hour  Angle  ac  the 
Pole,  but  when  confidered  as  an  A  fironomical  Solar  Problem  it  is 
limited  to  one  Anfwer  only,  becaufe  to  the  leaft  Azimuth  (torn  the 
Meridian  which  is  South  iSdeg.  5^  min.  aS  fee*?  Weil,  the  Zenith 
diftance  will  be  128  deg.  18  min.  46  fee.  f,  that  is,  die  Sun  will 
be  deprefled  38  deg*  18  mia.  46  fee.  i  below  the  Horiaon,  and  hir 
diftance  from  the  North  Pole  will  be  i6i  deg.  itf  min.  28  fee.  fi 
that  is,  the  Declination  will  be  71  deg.  16  min.  28  fee.  ^Soudi, 
which  is  impoffible- 

Prob.  VI. 

Cafe  II. 

Given  the  Sun's  Declination,  the  Hour  of  the  Day,  and  the  An- 
gle of  Podtion,  to  find  the  Sun's  Altitude^  his  Azimuth^  and  Lati- 
tude of  the  Place. 

Example. 

The  Sun  having  ipdegi  39  min.  10  fee.  |  North  Declinatioo,  at 
3  h.  30  m.  in  the  Afternoon,  the  Angle  of  Pofition  was  found  to  be 
38  deg.  58  min*  27  fee  I  demand  the  Altitude  of  the  Sun,  his 
Azimuth,  and  the  Latitude  of  tjpe  Place  of  Obfervation. 

Anfwer. 

The  Altitude  of  the  Sun  is  38  deg.  18  min.  4^  fee-  ?,  the  Axt- 
muth  South  72  deg.  12  min.  54  Weft,  and  the  Latitude  of , die 
PlaceofObfervation5i.deg.  3  2  min.  00  fee.  North. 

Prob^     VI. 

# 

Cafe  13. 

Given  the  Altitude  of  the  Sun,  the  Hour  of  the  Day^  and  the 
Angle.of  Pofition,  to  find  the  Sun's  Declination,  hisAzmuth,  and 
<hc  Latitude  of  the  Place  of  Obfervation. 


Aftronomkal  (Problems^  j  7"^ 

ExamfdH 

ThcSan  havif^^^deg/  iSmin;  4^  fcc.»f  of  Altimde/  at  30  mi* 
nutespaft  Eighc  in  the  Forenoon,  the  Angle  of  Pofitiop  was  found 
to  be  jSdeg.  58  min.  2 7  fee.  I  demand^the  Sun's  Azimuth^  his 
I>ech'nation,  and  the  Latitude  of  the^Hace  of  C^fetyation. 

The  Sun's  Azimuth  is  South  71  dee.  n  min.  54  fed.  Eaft,  his 
Dedination  is  19  deg.  39  min.  10  fec.i^  and  the  Latitude  n'deg^ 
32  min.  00  fee.  bnt  whether  /North  or  :Soutii  is  not  fuffioiently.lK 
mitcd  by  the  Dau  in  the  •jgfi^y^iow*^ 

Prob.  VI. 

Qtife  14. 

Given  the  Hour  of  the  Dayi  the  Azimuth  of  the  Sun,  and  die 
Angle  of  Pofition,  to  find  the  Sun's  Altitude,  his  Doclinacion,  and 
the  Latitude  of  the  Place  of  Obfervation. 

At  30  minutes  pad  Three. in  the  Afternoon,  the  Sun's  Azimuth 
was  found  to  be  South  72  deg.  12  min.  54  fee.  Weft,  at  the  fame 
time  that  the  Angle  of  Polition  was  38  deg.  58  min.  27  fee  I  de- 
mand the  Sun's  Altiude,  his  Declination,  and  the  Latitude  of  the  - 

Place. 

Anfvm. 

The  Sun's  Altitude  is  38  deg*  18  minr  ^6  fee.  |,  his  Declination 
T9  deg.  39  min.  lO  fee-  i  North,  and  the  Latitude  of  the  Place  5  v 
deg.  32  min.  oofec.  Weft  •' 

Proi).  vr: 

Cafe  t  J. 

Givea  the  Latitude  of  the  Place,  the  Dedination  of  the  San,  and 
the  Angle  of  PofitioDi  to  iiod  t^  Sun's  AltitudCi  Azimnth,  and 

HoHC  oi  thePay« 

fix-- 


374  Jjhronomkal  ^rtiykmu 

In  the  Ladcnde  of  5i4eg-  32  min*  North,  the  Sun  having  19 
4deg.  39  min.  10  fee.  I  North  Dsdmation,  the  Angle  of  Pofition  is 
found  to  be  38  deg.  58  min.  17  fee.  I  demand  the  Altitude^ die 
Sun,  his  Azimuth^  and  the  Hoar  of  the  Day. 

This  Cj^  IS  Ambffiuons ;  and  the  Altkude  of  the  Sun  may  be  38 
deg.  18  min.  4<S  fee  ?»  when  his  Azimuth  will  be  South  72  deg.  la 
inin.  54  iec*  Weft,  and  die  Hour  3  h.  30  m*  if  the  Sun  be  in  the 
Weftem  Semicircle,  but  if  the  Sun  be  in  the  Eaftetn  Semicircle  the 
Azimuth  will  be  South  72 -deg.  12  min.  54  fee.  Eaft^  and  the  Hour 
8  h.  30  m.  in  the  Morning. 

Again,  the  Sun^s  Altitude  may  be  1 1  deg.  o  i  min.  $  5  Ice.  f, 
when  his  Aximuth  will  be  724eg..f  itnin-  54  (ec.  Eaft  or  Weft,  ac* 
conding  as  the  Sun  is  in  the  Ealmti  or  Wcllem  Semicircle,  and  the 
Hour  will  be  either  ph.  01  min.  4^ fee-  i  in  the  Mornings  or  a  b. 
58  m.  13^  I  in  the  Afternoon. 

Prok :  VL 

Cafe  16.^ 

Gtven  the  Lamude  c^the  Place,  the  Altitude  of  the  Sun^  and  the 
Angle<if  Pofition>  to  find  ^eSups  Azimuth,  his  DecJinatioDj  and 
the  Hour  -of  the  Day: 

In  dicLacttnde  of  5  f  tieg*  3 1  nin.  die  Sun  having  38  d^.  1 8  aun. 
4^  fee.  i  of  Altitude  in  the  Momiog,  the  Angle  of  Pofidon  at  the 
fame  time  being  3S  deg.  58  min.  27  fee.  Ldemand  the  Azimuth  of 
the  Sun^  his  Declination,  and.  the  Hour  of  the  Day. 

Anfvxr. 

The  Sun^s  Declination  is  ipdcg.  3P  min-  10  fee  |  Nordi,  his 
Aaimuth  South  7a  deg.  la  min.  54  &c.  Eafl^  and  the  Time  S  h. 
}o  f»  in  the  Forenoon- 

Akho'  this  Cdfe  is  doubtfi)l^on11dered^^  a  Spherical  Triande,  yet 
it  is  limited  as  a  Solar  Propkm^  becaufe  the  other  Anfwer  grvt»  the 
^un*s  Declination  to  be  71  deg.  i^  min.  28  foe.  f  Norths  which  js 
impoiEble.  Prob, 


I 


Prob.  VI. 

Cajt  rj. 

Given  the  Sun's  Azimuth,  his  Altitude^  9nd  the  Angle  of  Pofition,^ 
to  find  the  Sun's  Declination^  die  Latitude,  of  the  Flace^  and  the- 
Hour  of  the  Day. 

Exanflt. 

The  Sun  havii^  jSdeg.  rSmin.  4^$  fee,  f  of  Altitude  in  tbe^^ 
Momingy  his  Aaimuth  was  found  ro  be  South  ^%  degt  12  min.  54 
fee  Eaft,  and  at  the  fame  time  the  Angle  of  Pofition  was  38  d^.  5S 
min.  %^  fix.    I  demand  the  Declination  of  the  Sun»  the  Latitude  of 
the  Place^  and  Hour  of  the  Day. 

The  Declination  of  &e  Sun  is  ipdcg*  js^Biia.  10  fee  I  NortfaV 
riie  Lattmde  of  the  Place  is  5  i^^eg.  3  %  min.  an4  the  Hour  of  tha 
Day  is  8  h»  30  m.  in  the  Forenoon. 

Prob:  VI. 

Olft  it. 

<7ivtfl  the  Sen's  DecUnatioDj  his  Aziiautb,  add  the  Angle  of  P<h 
fidoQ,  to  find  the  Altitude  of  the  Snn,  the  Latitude  of  the  Place,- 
and  Hour  of  the  Day. 

The  Sua  having  19  deg.  jp  min.  10  feci  North  DeclinatioQ; 
Itts  Aiumtttb  was  found  to  be  Soiith  72  deg.  11  min.  54  fee*  Weft, 
and  ac  the  ftmc  time  the  Angle  of  FoOtion  was  3^8  dee.  5'  "»^  ^7 
fee  I  denand  the  Latitude  of  the  Flace^  Attitude  of  the  Son,  4Wd 
Honr  di  the  "Dag. 

Hie  Latitude  k  5ideg.  jxmto.  Hoctb,  dieAkitud«if  38^ 
«8  mm.  4tf  fee.  I,  and  the  Hour  30  minutwiMift  Thwc  m  Ac  Afiwr- 


Prob; 


1  ^4  '4fir<immcd^r6hitmst 

.  Cafe,  ip>     .       . 

!  .Given  itbc  Sun'i  Dcclm^oiii '  his  Altitude,  and  the  A^e;  df  Tto- 
fition,  to  finct  the  Sun's  Azimuth/ the  latitude  of , the  Kacc  and 
Hour  of  the  Day. 

The  Siwi living  ipd^.^^^'min.  lo fecf N<*th  Dedinatioo,  his 
'Aldtudcm  the  Weft'cm  Scroidtdtf was  foartdio  be  38  deg.  18  mio. 
a6  fee.  I,  and  at  the  Cinie  time  the  Angle  of  Pofiaon  ^9na  38  d^. 
58  mm.  ay'  fee.  I  demand  the  Latitude.of  the  Race,  ^  Aumatfa 
of  the  Sun,  and  the  Hour  of  the  Day, 

Thi  Latitude  of  Ac  Race  is  jt  deg.  ^^  mio;  North,  ^he  Aaiantfa 
7idfeg.  iiiflin.  54tcc.-  Weft,  ahd  the  time  3  hours  ^mn.  io 
the  Afternoon.  " 

Caft  20. 

•Given. the  latitude!  ofthe  Plac?,  theAamutfa  of  theSun,«nd 
the  Angle  of  Pofition;  to  find  thcSun^  Altitude,  his  Dedinaiioa, 
and  the  Hour  of  the  Day. 

'Example. 

/In  the  tatitude-oT  s i  3^.  3 a  »mn.  North,  the  Sim's  Aihauch 

'.-♦asfoundto  b^.&)ttth,7«  deg.  ^a  min:  $4fec.^Weft,andacthefiinc 

tim^the  Angle-  of  J>ofition  Was  38  deg.  58  mm-  ^7Kc.  _I  demand 

the  Altitudeof  the  Sun,  ^is  Declination,  andtte  Hour  of  theDay. 

This  Cdfe  tho*  doubtful  as  a  Cafe  in  Spherical  Jrkn&ety  ycfit  is  U- 

mited  as  a  Snlar  Problem,  and  ibe  true  Anjwer  is  ai  K)U<w»»,.     . 

,    Tbt^Hn'sAUitude  is  j8  deg.  t«  min.  ^6kc  i,  his  Dcchnatioo 

\x9  aS^sfrtiin.  ,1b feciiKortfai' and  thfe  flow  30  mamtes  paft 

Three  in  the  AftcrtrooQ.      '     .  .    " 

■nov 


:  iFflom  wkac  ^  been  faid  it «  veiy  manifeft,  that  in  every  Caft 
whecc  aijtjr  two  of  the  Dau  ate  oppoate  one  to  the-  otfaer^  that  the 
Caff  U  limited  or  not  limited^  according  as  the  Quantitys  of  the 
Parts  when  compared  amongft  thcmfebes  are  greater  pr  MTer  the  one 
ehan  the  other^  «and  that  the  /ame  Pr^km  |h^t  is  doubtfoi,  when 
^oofidorodiats  a  Spbetical  Tciangle,  is  fome  times  limited  when  it 
becomes  a  Solar  Pr^^kpf,  «pon  account  of  the  Limication  of  the  Sdo's 
dxftance  from  the  Pok,  and  his  Aldtude  or  Depreffion  above  or 
below  theHortaon;  and  that  the  iame  PrMem  which  i$  limiced 
with  t^rd  to  the  Supj;  ^is  qnUmitcd  whm.  ^pUed  to  the  &c;d  S:ar% 
as  will  appear  hereafter ;  and  tbefe  are  Things  that  the  Remdir 
ought  to  be  very  well  acquainted  with. 


Two  unequal  Altitudes  of  the  Sun  beitag  rgiven,  togeilier  wtA 
the  Declination  of  the^Sun,  and  the  Diftsence  of  time  betWeen  tiib 
ObCervadons,  to  find  the  Aaimnth  of  the  Sun^  the'Hourof  tibclJaf 
and  Laticttde  of  the  Place  of  OUervatioii. '       .  .    > 

;  V  .  .  Exan^Ie^ 

The  Sun  having , ip  deg.  jpmin.  lofipc.  |  Nbtth  Declination, 
bis  Altitude  in  the  Forenoon  was  found  to  be  38  c^«  i^inin.  4^ 
fee  k^  and  at  the  End  of  an  Hour  and  a  half  the  fame  Mpmiog.  fbe 
Aldtude  was  found  to  be  5t)  dqg.  24^  min.  ^  fee- 1.  I  demand  the 
Suu's  Azimuth)  the.  Hour  of  the  I>iy  ^t  each  Obfervation^  and 
the  L4atiidi;,of  the  Place-      ^ 

7h€  ^ertsffn^hk  Solutm. 

s.  Haying  drawn  the  Meciitian 
PQ.^^  ^^  Equator  JjHtJind  at 
Rtghc-angles  to  it  the  Six  a  Clock 
llour .  Circle  P  S^  .^iic  the  ^qle.  jP» 
4^t  the  difiance  of  yodeg.  m  min. 
49  fin:.,  i  th^  Complemcfit .  of  the 
Suncs  Pcclination,::de(crihe  the  Small 
CircleCC)<by  oJ^t^xlxAdxilPr^kiim 

the  ^fh^ioi SfSiofitkt^d^. 

m.  Thro'  the  Pole  P,  draw  the 
Hour  Circle  POS foming  an  Angle 

Bbbbb 


37S 


Jprommicdl  Ti^Mems. 


of  ft2deg.  ^o  min  equal  tt>  the  Ditfeitnce  ol  Timet  becwten  the 
Obfervations,  by  Cafe  t^ic  gtf  o(ProUem  the  ^botSiRkm  die  ^i^ 
then  will  ®  and  O  repttfent  the'  rwo  different  Places  of  the  Sm^  ac 
the  different  Tines  ctf  Obferyation. 

}  About  the  point  ®  at  the  diftaiic6of  51  deg.  41  min.  13.  fec.f, 
the  Complement  of  thdleaftAhitude,  defcribe  tm  SnuU  Ckcie  0  Z^ 
hy  Ct^t\ht  id ^ FfMtm xht  i^h^  ofStdimfhc  2d. 

Alfp  about  the.  point  0  defcribe  the  ^mall  Qrcle  O  Z»  at  the 
diftanise  of  jp^deg.  ^5  min.  loiec.  }y  the  Complement  of  the  grcfat- 
eft  A'lticttde,  bj  Cmpt  the  3d  of  the  fame  Proikm,  to  interfcftthe  for- 
aierCuxte  in  2. 

J.  Thro'  the  points Z  and  P,  and  Zand  &y  and  Z  andO,  andO 
&,  draw  the  great  Qrcle  Z  P^  Z  0,  Z0»  and  O  ®,  by  Pr§r 
hkm^  jfiotSiBioit  the  2d^  and.  the  thii^isdone  ;  and  the  Angle 
Z^O^  ind  ZP®,  the  Times  trom  Noon  when  each  Obfervation 
%te  maife»  mzj  be  neafiired  b^  Ci^etht  zd^iPrMem  the  lotb^ok 
Stffim  the  2d»  the  Angles  /^  io^  P  Z  O^  the  correfpondenr  Azir 
noths  from  the  Meridian  may  be  meafiired  by  Cmfe  the  ^d  of  the 
fame  Pr^Uem,  and  the  Aneh  Z'  Z  the  Complement  of  the  Latitude, 
may  be  meafured  by  Cafe  the  jd  o( Problem  the  jtb  of  the  fame  ibdL 
As  the  Pf  oje^pn  of  the  Sphere  upon  each  particular  Plane,  has 
its  pecuUar  A^antage,  fi>  this  Problem  is  very  eafy  and  naturally  k^ 
piefenseA  upon  the  Plane  o(  the  Equator y  aftet  the  feUowine  maa- 


The  Stereagrafhk  Selutkn. 

I.  Having  drawn  the  Eijuatoc 
m  Q^NAy  with  the  Semi-tan^t  of 
70  deg.  ao  min.  49  feet,  the  Com- 
plement of  the  Sun's  Z>eclinat]0o, 
about  the  point  ^  as  a  Cnter  and 
Pole,  draw  the  Small  Circle  O  o, 
and  make  the  Angle  <S>fO^  equal  to 
22  deg.  30  min.  equal  to  the  diflc- 
fence  of  Times  between  the  Obfer- 
vations,  then  will  the  points  O  and 
®  reprefent  the  Place  of  the  Sun  at 
the  two  different  Times  of  ObTer- 
▼ationa 

2.  At 


Jjinnontical  Trol^Ums.  ^y^ 

a.  At  the  difiaiift  of  ;idcg.  4imin.  13  fee  the  Complement  of 
the  Suh's  letft  Altitude,  about  the  point  0  as  a  Pole»  dravtr  the 
SmaU  Circle  0  Z,  bfCaft  the  ^d  oi  Pnhlem  the  4th  oiSeSfion  the 
zd,  and  about  the  point  O  at  the  diftance  of  39  dcg.  35  min.  lo 
fee.  i,  the  Complement  of  theycatcft  Altitude,  defcrittff.the  Sniall 
Circle  OZ  by  the  fame,  and  thro'  the  Interfefbion  Z  and  the  Pole  /, 
draw  the  Meridian  mZfN^  and  the  thing  \%  done  ;  .and  the  Angles 
pZOy  and/  Z ®,  thfe  Azimuths  from  the  Meridian^  may  be  mearr 
fured  by  Csfe  the  id  of  Problem  the  lotk  of  SiBiwi  the  W*  and  the 
Angles  ZpO  and  Z/ ® the  tim«s from Noon^.may be ineafured by 
the  Lim  of  Chords^  and  the  Arch  /  Z  the  Complement  of  the  lati- 
tude may  be  meafuried  by  the  Z4iff'4f.Sm^i4i((^^// 

Logarithmically,  cr  tj  CaJculat ion,    . 

'  Having  let  fall  thePer^ndicuIac^^,  iotbe  Spherical  ^Triangfe 
p  QK  Right-angled  at  il.arp given,. ^ ®  equal  to. the  Comp)cmcat 
of  the  ShnsDectiflation^^-tbc^.Aiigle  XD.^il^qual  to.half  thel^ific- 
rence  of  the-times^  whence,;^.: . ' ;  r        *:  ,  -  ,  :       '  . ;. 

tft  To  find  the  Angle  fOM.,  it  will  bQ  by  iche  ^d  Cafe  oiRighi' 
ar^led  Spherical  Triangles, 

'    :    i    •^AsRVci^/>:^:JC^i>/?i^Ct^^ 

'  Asthc  Radius  -  io^ooooooo 


■» 


To'die^e  of  ihe  Declination  ig>3yio4     ■     "  ^5257557 

So  is  the  Tangent  of  ?  DiHierence  of  the  Time^  t  x,i  5;  :fta5!Stfdji8 


-A\      .'  •':r^ 


ai.  To.  find  the  Aircli  ©  iJ,  it  will  be  ^y  the  itb  Cafe  iif  Right- 

Asthc  R^KJiJMi'     "  ''  '  ■       '  "      •'  i>  >  b*'i  t    ■pa*  ■'  ylo.0OooO9» 

To  the  Co-fine  o\  the  DecUnttidn  i»3y-io|-.'  f  ■    ■    ,  ■J>j>7gj9t344 
So  is  the  Sine  of  the  half  Die  of  V  the.  Timrf  in|  — P'tpos^j? 


>  ( 


*t'  '.  »        t  ■  /        .Mi'       *\      [\*^ 


To  the  Sine  of  a  fifth  Arch  R  «>'  10.  jj.  «fi''/j^'     '  9a6^i^99i 

Bbbbba  Which 


}  S6  Aftrmomical  ^obtms. 

Which  being  doubled  bacaufe  the  Tnzns^esJ3pRzrd^pR:Zt€ 
equal,  will  give  iideg.  lomin.  25  fec.i^  a  iixch  Arch^  fw  tbc 
length  of  the  Arch  0  0,  6r  difidrtce  betivtea  tl^  ^vm  at  tfa«  tvm 4U- 
fcrcot  Times  of  Obfervatton.    Wherefore^ 

J.  In  fh<  OUique-angled Spherical  Triangle^  OZOaregiven, 
2  O  equal  to  3  9  deg.  3  5  min.  10  fee- },  die  Complement  of  the  gieat* 
eft  Altitude,  Z  ®  equal  to  51  deg.  41  min;  13  foe^f,  the  Comple* 
menl  of  thd  leaft  Altitndc,  and  the  Arch  k  O  equal  to  ai  deg.  10 
inin.  25  Tec-  i|  whence  to  find  the  Angle  Z  ®  O  (by  the  i  ui  Cafe 
{fOhlijue^  acc)  hafing  added  the  three  Arches  2L(7,  Z  O,  and  O  G 
together^  and  firom  half  of  theii  S^m  ;tf  deg.  13  min.  34  fee.  ^,  ha« 
ving  taken  away  the  Arch  Z.O  equal  to  39  deg;  35  mhu  iq  fee  ^ 
to  find  the  Difiereace  i^.dcg.  38  min«  14  fee.  i.) 

To  the  Arithm.  Complement  of  the  Co-Gnt  of  the  leaft  f 
Altitude  38.18,45* ^ — \  — f  «>-«0S34J4 

Add  the  Arithm.  Complement  of  the  Co-fine^^  the)  ^ 

fiith  ArchO®  aKio>a;t  ' ---^ — :J«>-44»*^o7 

Alfp  the  Sine  of  the  half  Sum  5rf.i3;i44  ^        9-9^97ii9 

Aivd the Sina oi the Differenoe  1tf.3ll.14i        ■■  ■  ■:    9-456839^ 

Half  the  Sum  of  thefc  four  Sines  will  give  the  Co-fine  1  ^^ 

WUch  beiqg  doubled  will  gire  47.1 1.54! 9.9^20598 


tor  t  feiretttb  Afch  or  the  Angle  2  ®  O. 

But  the  Angle/  ©  O— <Z  ®  0=Z  ®  / ;  that  i$,  if  fiwn  the  ^b 
Arch  r  ®  0  equal  to  86  deg.  lomin.  21  fee  |»  be  taken  awar  cbe 
feventh  Axch  or  Angle  Z  ®  0»  equal  to  47  deg.  11  mtiL  %^KC.i, 
there  will  remain  38  deg.  58  min.  a6  fee  i  for  an  eigfatb  Ardi,  or 
the  Angle  of  Pofition  Z  ®  /,  wherefore  in  the  Tri^i^e  Z/  ®  aic 
giren,  Z  ®  the  Complement  of  the  leaft  Altitude  51  deg.  41  mm.- 
f  I  fee.  t»  tbc  Ardi^  O  the  Complement  ok  the  Sim's  DediBattoo, 
equaito  70  deg.  ao  ain.  49  fee  i,  and  the  Angle  of  FofitioQ/®Z 
equal  to  }8  dtt.  5^iDJo.  26  fee.  | ;  whenoe 

4ri^  Tofindihe9iAArcb®r»  (a Perpend scular ba?si« been ficft 
kt  fall  from  Z  upon  f  Cj)  it  will  be  by  the  ^b  C4if$  4  OUifM 
:^k,  in  li»  j^b  Cqfi  of  Mtl^^^ 

.   As 


V 


A$'**.  c»,r©^:  :t,2  ®:t,©»i  tfeariV 
As  the  Radfus — ""''■"  '      — r— •*—— ^io.ooooooo» 

To  Ac  Co-fine  of  the  Angle  Z  ®/  jS.jS.i^— r~9;SjKx55l4 

Sic  is  the  Co-tangeocof  die  leaftAhitude  3BIz8-46f  ^— 10.1^11077 

■  ■■-■■     I  I, 

To  the  i'ahgent'of  a  piA  Arch  O'jR  44.jriof— ~-— ^.^a^^ii 


Bat  f  €f^iiGh:r;p  R ';  that  19;  iPirom  the  Complement  of  the  Sun's 
Declination  70  deg*  29  min-  .4j?  f^c.:|,  be  aken  RO  e^ual  to  44  deg. 
32  mill-  10  ice.  I,  thci¥  wfll  remajn  2  J  dc|fi.  48  m  fpr 

the  length  off  fz  sotb  Arch,  ^«ce  to  ^findtw  Oknpltteeht  of 
the  Latitude  Z/,  if  will  be  by  the  ipth  Cafe  of  OUtjue  Spheric. 
Ascs,0/l:b>,^V:  :^s/Z0  :c.i,2PVthatis, 

As  the  Co-Che  oi  the  ninth  Arch ' 44^3  li'.iof ^ — p.852p722 

'  ^      ■  ■"■      ■ 

To  the  Co-llne  of  the  tenth  Arch  25.48.38f  • 9»95435tf8 

So  is  Ac  Sine  of  the  leift  Altitude  3  8. 18.46  J  ——-—9.79*3608 

To  the  Sine  of  the  Latitude  5 1*3  2-—-————  ——9.8937454 

A^in,  to  find  the  time  of  the  firft  Obfervation,  it  will  be  by  the 
fth  Cafe  of  dUiqne  Spheric, 

-AsS.f  r:S-®A:  :  t,<®  :t,<Pj  that  is. 
As  the  Sine  of  the  tenth  Arch  25.48.38f ^—-r 9.63888^3^ 

To  the  Sine  of  the  ninth  Arch  44.3  2.  lof 9.8459410 

So  is  the  Tangent  of  the  Angle  P  ©  Z  38.58.26^  9.9079682 

To  the  Tangent  of  the  Hour  y2»3o r^  ■101150200- 

WUch  teduiced  into  Time  and  taken  from  twelve  Hours,  becaufe 
the  Obfenratiou  was  made  in  the  Forenoon,  gives  8  h.  30  m*  foe 
the  time  of  the  firft  Obfervation  in  the  Momit^. 

And  a  to  this  time  8  h.  30  m.  00  £  be  added  i  h.  30  m.  the  difie*- 
rence  of  time  between  the  two  Ohfervations,  the  Sum  10  h,  00  m. 
00  £  will  be  the  «xaft  time  in  the  Morning,  when  the  2d  Obfer- 
vatioQ  was  made. 

To  find  the  Azimuth  at  the  time  of  the  firft  Obftrvation^  it  wilt 
be  by  the  firft  Cafe  ofObUque  Spheric.  As 


J  gz  Ajlronomical'PrvhU^, 

As  the  Co-liB€  o£-thc  ifi  Akitude-j8.i_«.4iJ|  —  9  tpji^696 

To  the  Co-finc-of-thc  Declmatiott  rjij^.ioi— ^■^•97^.34^ 

-   .^4&theSk^Qftly>J^qur  52.3Jjoo-:i-T77-— -^^^ 

.I'o ,  ^  ^Be-«f  -the  thc^zi^i»th  7 1 .  i » .  5*1  -T-777— -r7ft«s»7  *7|  »* 

.    Ae»n^  to :;  findr  the  Azimutk:«t;  thfi  -fccojid  time  of  Obfcnradon, 

.       As  S,2fP  :  S.i»  ®j:^.S. <e>!.^  ?  J  S./>,Z  ®  J  tha^  is, 
M  the  Confine  qfthc^  Attmi5|pjq,»4r4»!  .  ^  '•      .    y.8043018 

To  the  Co-line  of  the  Dcdination  19  jp-ioi— — -^  ^973934* 
So  is  the  Sine  oflxhcHour  from  Nbpn  30.00.00  r^rrr  9^^9^7oq 

^  •  •       I       ■ 

Tothe  Sine  of^c  Azimudi  at  th;^i  ti5ac.47,3,8.i^^|,  --.9.858^024 


■  ^ 


Whence  it  is  apparent  tliat  the  Latitude  of  the  Place  is  y  i  dcg. 
.32  min.  oDfcc-Nocrivthe  time  when  tlje  firftpfcrfqrvatiOT  was  made 
was  8h.  jom.  oo  f.  when  the  Azimuth  was  South  72  dcg.  la  min. 
54  fee.  Eaft,  the  time  when  the  fecpnd  Obfcrvation  was  mad-,  was 
10  h.  00  m.  oof.  when  the  Azimuth  was  South  47  dcg.  38  min. 
24fec.  i-»>  and  confcqucntly  the  difference  of  A^imaths  is  14  dcg. 
.34  mip^  a^iec.  i,    .-  :      ;     ,  .  , 


i'  w.)i  - 


Prob    VIL      :^  '"  ' 

^      -.  Cafe  2. 

Civen  two'diflferent  Altitudes  of  thciSunmade  the  fame  Day,  to- 
gether with  the  difference  of  the  correfpondcnt  Azimuths,  and  the 
Dcclirtation,  to  find  the  Hour  of  the  Day  when  each  Obfervation 
was  made,  and  the  Latitude  of  the  Place.       ''  ; ' 

Example. 

The  'Sun  having  19  diqg-  3pMn>  xofccf  North  Declination, 
1115  Altitude  was  found  to  be  38  deg.  18  min.  4^  fee- 1  in  thjcForo- 
iioon,  and  fome  time  after  it  was  found  to  be  50  dcg*  24  miii^  49 
fee  J,  during  which  time  the  Sun  had  altered  his  Aaimuth  24  deg. 

34  mia 


Jjiio^amifai  J^rMms. 


?«? 


34  nil.  tp  l(ie>  lu    I  4pmap^  the  Hoar  u  each  Obfervation,  and 
thtf  LaiicudB  of  dM  flRce. 

f^  Smnfr^fik  Solution. 

•        <     < 

X.  Having  dfiwii  an  AiimnifeCiide 
Z(^NIf>  ^be  HoriBon  if  0^  aod  ac 
Righi^aBgks  a>  it  the  Vertical  Qrclc 
Z  N.  tmo'  the  point  Z  draw  the  Azi- 
nrath  Qrcie  Z  ®  iVT,  forming  an  Angle 
of  24  deg.  }4  min.  ap  fee.  4»  with  chc 
Vertical  Circle .  HZO,.  equal  to  the 
diA:rcnce  of  the  Azimuths  given. 

»  , 

1.  Set  o(|  the  greater  At titHde  of 
the  Sun  from  ^to  S^  and  the  Goniple- 
ment  of  the  lefler  Altitude  from  Z  to 
p,  by  Cafe  the  id  o(  ProUefmhc  6tb  e(  Seilion  the  ad,  then  will  5^ 
and  O  reprefentthe  Place  of  the  Sun  at  each  Obfrrvation. 

3.  About  the  pomts  ^and*  ®  iat  the  diHiance  of  70  deg.  20  min. 
49  fee.  i,  the  Connplem^he'df  the  Sun's  Declination  defcfibe  the  two  * 
Small  Circles,  by  C^^tHe'arf  and*  3 1<  of  l>r<>*/m  thb  4tA,  of  Se^iou 
the  2d,  to  interfeft  eafch  other  in  the  point  Pl     • .  r    ' 

4.  Thro*  the  points  P  and  ^2^  i*and5;  i?anA;0j,  Jarrd  ©^draw 
the  great  Circle  P  Z,  FS,.  PO,  S  O,  and^the  thing  iVdone ;  and  the 
Angles  Z  Z'.©,  Z  P X  'the^  timei^ f]?om'Noon;  may  be  mcafored  by/ 
Cafi  the  ji^of  ff^(PWi-ihc  io^of>.S#^/a»the  ai/,  and  the  Angles 
PZ  S^  P  Z  0,  the  Azimuths,  may  be  roeafured  by  Cafe  the  aJ  of^ 
the  (ame  Prphlem;  atid  the  Arch  Z  ?  the  Complement  of  the  Lati^ 
tudc^  may  be  meaiored  by  Csfe  the  ^d  of  Problem  the  7^^  of  SeSlion  ^ 
the  arf,  m  . 

A  due  Confidirati(^vof  thSs  ProHem  na- 
turally leads  us  to  the.  Plane  of  the  HQri- 
xouy  K>r  the  moil  eafy  Solution^  and  which 
is  atcer  the  following  manner. 

/   ft 

I .  Having  drawn  the  Hdfitbn  m  OltB^ 
with  the  Semi-tangent  of  5 1  deg.  41  min- 
]r3  fee.  f,  and  ^9  deg.  35  min.  10  ffec.  $* 
the  Complement  ofthegreateft  and  leaft 
AUitude  of  the  Sud>  about  the  point  2^  as 


^t4  Jjhoyibmtcal  ^nhknu. •  > 

a  Center,  draw  the  Sihjft!  Ciffcli  li  K?%^  itA' rS  p^  ^  nukli  tbe 
Angle  Q  Z'Sf  equal  to  24  d^.  34  min.  i^^iii  e<fdalto  thedif- 
ference  between  the  obferfeil  A:urt(uth^^the^wfll  the  points  .f  and 
O  reprefent  the  two  Places  of  ^he'Suo,  at  the  two  different  times  of 
Obfervation,  '■  ^  -"  ^ '  '\  ;  •  "•      ^ '  ■  -'     '    •  T     • 

2.  Atthedi(hmceof  yodeg.  26  mifv/^p  fe«.  ^^  iheConhpleiiient 
of  the  Sun's  Declination,  and  abodt'  the  points  ^  aad  S  as  Poles, 
dcfcribe  the  5mal!  Cir'Icles  O  ]P,  ^^,  to  incerfed  each  other  ia  the 
point  ^,  by.  fafe  the  3W  o(  Protlem  the  4fA  of  4#fifwir  the  ai/,  and 
thro'  thcJnterie&iod  P  ahd  the  Zenith  Z,  draw  (he  Meridian  mPZNj 
and  the  thiiig  is  Hl6ne ;  and  the  Angles  ZPS^  ZP  0,  tbe  times 
from  Noon,  may  ^be  tiieafured  by  Caf$  the  ^4  of  Pr^km  the  toik 
of  SeBion  the  24/,  the  Angles  PZQ,  P  Z'S,  the  Azimuths  from  the 
Meridii»,.jnay,b©iheafured  by  the  Line  $f  Chords^  and  the  Ardi  of 
Ae  Meridian  PZ  theComplement  of  theXatirude,  maybemeafured 
by  the  Line  <f  Chords. 

Ugaritimk^j^  w  iy  Cakutathm. 

In  the  Oblique-angled  &>herical  Triangle  5*  Z  0  are  given,  Z  5, 

Z  0,  the  Complenients  <x  tbe  two.  Altitudes,  together  with  the 

Angle  5Z  0  the  DiAtrence  o£the  A^imiiths,  whence  to  find  tbe 

Angle  Z  0  5;  it  will  be  by  the  ^tb  Cmfe  of  Ohlique-aniUd  Sfberkal 

^riangks^  4iaving  firft  let  fall  tbe.  Perpendicular  .Si  it. 

AsK:«s,<iS!.:t,Z^:t,?it;  ^is^ 
AstheRadius  ■  ■      *     '■■*■       tifj«    ■  '10.0000000 


To  the  G>fine  t)f  the  Difitr.  of  the  Arches  14.  i^tgk "— 5^-P5  87639 
^  is  the  Co<ang.  of  the  gteateft  sUcitude  50.^4-49!  9-^x743;  1 


To tbe-TarigJtrtvqf  the  fourth  Atch  Z  Jtfjtf^S^.)  if — »-9.876i 5^90 

But  Z  0^Z  J(=!R  ©  ;  that  is,  if^from  the  Complement  o^the 
leaft  Altitude  5 1  deg.*\4i  min.  13  fee  I,  be  tiaken  the  4^^  Arch  Z  Jt 
there  will  remaio  4  ];/ibl  Arch  R  ®,  equal  to  14  deg.  44  mia.  4s  fitcl^ 
whence  to  find  the  A^le  ze'SitmH^hc,,. 


As 
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As  S. ©il  :  S.  ZR  r  :  t, <  ®ZS :  t,<ZtSi  tlut  1$, 
As  the  Sine  of  the  j*A  Arch  0jR  14*  44'  4»''|  ■      '    ■9.40 5 7^07 

To  (he  Sine  of  the  fourth  Arch  ZA  ^6*  ctf*  «"  J — 5>.7788788 
So  is  the  Tang,  of  the  Dif.  of  the  Arches  24^  s^  tp"  ^^.tf5oao((o 

,   To  the  Taog.of  the  <z©5a  tf«AArch47*ii'  ^j"i  io<0333tf4i 

And  again.  As  cs^  Zi( :  cs,  o /{ :  :  cs,  Z5:cs,Z0  j  that  is, 
As  the  Co^ne  of  the  4^ifr  Arch  36*  jtf*  3 1"-? ^ ^-9026796 

—  III    I  I    ■.,     - 

Tothc  Go'finc  ofthc^/AArch  14*44'  4a"|«  — --<-^9.p8j45tf8 
S9  is  thcSincofthcgrcaccft  Alt  so*"  24'  4p"3  ■■    ■       ^S969667 

TotbeCo^eofa jpb AfchSe ii*  10'  a5'>- 99696^19 

Or  the  fiaie  ot  the  Eqaicmral  Spherical  Triangle-?®^;  the  half 
«f  which  is  10  d^  '3  5  min.  1 1  fee},  an  e^hth  Atch  or^  Bafe  of 
the  RigbtHUi^d  Spherical  Triai^  ?®r,  made4>f  a  ftipcndi- 
colar  7>  r,  let  fiiU  from  P  upon  the  Side  50;  wherefore,  m  the 
Spherical  Triangle  P  Sr  Right-angled  at  r  are  given,  P  ®  equal 
to  the  GMDplement  of  the  Sun's  Declination,  and  O  T  before  found, 
whence  to  find  firft,  the  Angle  OPT  half  the  Difietence  of  th* 
times  between  die  two  Obfervations,  it  will  be  by  the  t^thC^etf 
R^bt-M^Ud  SfberitMl  7rim^Ut, 

As  S.  P® '.  R  ;  Ts-  ®  »"  :  S.  ©PV  ;  that  is, , 
As  die  Oo-fioe  of  the  Son's  Declination  i9.3P.ioj*-—^.P73954i 

To  the 'Radius  ■      "  '        *         ■  '  •  .   »    loboooooo 

So  Is  the  tlie  Sine  6f  the  Bfi  Arch  ®  t  i a. 3:5,1 2!  «— ^^^  9.2641709 


Tothc  Sine  of  the  Angle  V^  9  m.  15*00    a.  ■  i^      p.  2901^^7 


"*— 


This  being  doublejl^  ^ves  21  d^*  3:0  min.  .00  feicfer  die  whole 
Angle  S  P®9  equal  to  a  h.  30m*  eo  C  the  Difletcnce  of  f  he  times 
between  the  two  Obferirations;' 

Again,  10  find  the  Angle  P  QT  of  the  fame  Triangle  ?  ®  T^  it 
will  be  by  the  i  tfbC^fe  ofRight-angUd  S^berical  TricmgUs* 

•  Ccccc  As 


V 


V 
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As  ij  !  ct,  O  Pi  :  r,  ®  R  :  c  s,P  <^  Ji  ,  tint  is, 

A s  the  Radius^ '^    '■ '  — ■  ■'  ■*        'v.  10,0000000 


To  thd  Tang-  of  the  Stiii's  Dectinatioii  T9.39.10lf  — — ;  iP«!F$^82 1 7 
*    So  IS  the  Tang  of  the  8/A  Arch  ®  X  ^  03  j-i  2I :$'^7i^-7i 

To  the  Co  fine  bf  a  9/A  Ardi  or  <^P®  T^  «<Sib  4 1 1 — 8.8244490 

But  the  Angle  P  0  r~ Angle  2i5  equal  to  the  Angle  Z  0  P  i 
^hat  is,  if  from  the  9th  Arch  or  Angle  P,®  T  equal  |p  8d  deg-  10  * 
min.  21  fee  i,  be  taken  the  6ib  Atch  or  Angle  ^'^  5  47  deg.  1 1 
xnin.  55  fee-  J,  there  will,  remain  38  deg.  .58  min^  xSkc.  |  f or  a 
\oth  Arch,  or  the  Angle  of  Pofition  P  ®  Z,  wherefore  in  the  Sphc- 
ri<ai  Triangle  P® 2  are  ^iven,  P  S  equal  to  70  dcg.  20  min  49  fec.i 
the  Complement  of  the  Sun's  Declination  Z  ®,  equal  to  5 1  dcg.  4  > 
min.  r?  fee.  f,  the.Complementof  the  Sun's  leaft  Altitude,  and  the 
Aiigle  of  Pofition  P'SZ  equal  to  38  deg  58  min  26  fee  ^,  whence 
to  find  the  Angles  OPZ  an^d  0ZP,  it  will  be  l>y  rhe  4rA  Jxiam  ^ 
Sfherical 'Triangles  in  SeBion  the  dtA, 

As  cs,|y®+Z®  :  cs,  P©— Z® :' :  ct,  |<©  :  t,^<.i p.-r  Z.  . 
That  is. 
As  the  Co-fine  of  the  |Sum  of  the  SidcsP©,  Ze,  6hJ.c\  9  tf8f338i 

To  the  Co-fitfe  or  halt  their  Difference  9*''9.47'? ^5941 '  54 

So  is  the  Co-tangent  of  half  the  Angle  &  19  29-1 3  J6— J  0.4 51 ;  6/^6 

■  ■■      ■ 

TothcTrofhalfthe  Samof  the  A%teiP-fZ8o-8»33  K>.76<»4r9 


•And  again,  AsS./  P3+Z  ®  :  S.l  V^^Z  0  :. ':  ct,  \  <©  : 
t,  T<sPi-Z     That  is, 
As  the  S.  ofhaU  the  Sum  of  the  Sides  ?®,  Z®,  5m.i^  9.^18909 

To  tlie  Sine  of  half  rhcir  Difi'erence  p.  19.47^*-*^ — ^—— 9.10983  <?i 
SoistheCo-tangencof  half  the  A(^ls  ®  'P-*p«3«| — ^10.45^164^ 

To  the  Tang.  6f  half  the  Diff.  of  tIic<sP— 2  -x-j.^  8,3  j  9.7 1^  1 6p8 

Now 
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Hoiv  the  half  Sum  80  deg  08  min.  ^3  ftc  ad<l€d.  t^  the  half 
Difierence  27  deg-  38  min.  33  fee  will  give  the  Aflgle  P  £  ®  e- 
^ual  to  ^07  deg.  47  min.  oe^fcc.  the  Supplement  of  72  deg. 
1 2' min.  54  fee  the  Azimuth  from  the  South  at  the  tune  of  the 
Firft  Obfervation,  and  this  kflened  by  :?44p^.  34  min.  ^pfcc.  i» 
tt^e  Pifierence  of  the  two  Azimuths^  will  give  47  deg.  38  min.  24 
fee.  I>  for  thp  Azimuth  at  the  time  of  the  Second  Obfervation. 

:Agaio>  a  (vdttf.  the  ha^f  Sum  80  deg.  08  min-  3  3  kc.  be  taken  the 
half  Plfiferenpe  27  4cg-.  38  min.  33  fee  there  will  remain  52  deg. 
yomin.  00  fee.  equal  to    3  h*  30  m.  ^00  f.    this  taken  from    &z 
Hours  becaufe  the  Obfervation  was  made  it\  the  Morning,  will  give' 
8  h-  30m   00  f.  for  the  time  in  the  Forenoon  when  the  Firft  Obfer- 
vation was  made.:    Anfiifto.  this  be  aaded  1  h.  30m.  oof.  the 
Di^erence  of  the  times  between  the  two  Obfervations  before  found, 
the  Sum  '  o  h.  oom .  00  f.  will  be  the  time  the  Second  Obfervation  .. 
was  made  in  the  fame  Morning  ;  wherefore  to  find  the  Latitude  of 
the  Place  of  Obfervati6n>  it  will  be  bjjthc^ftCafe'ofOSliqut'angltd  • 
Spherical  "Jtriaf^kSy 

As  S.  <P :  S.  Z®  :  :$.<©  ;  S.  2P;  that  is. 
As  the  Sine  of  the  Hour  at  the  ifi  Obf!  5  2.30.00  — —  9*%99^66J 

To  the  S,  6fthccorrefpondent<of  Pofition  38'58-2tf|  9'79S6:Sj 
So  is  the  Co-fine  of  the  lead  Ahitude  38^18  46I  ■  9-8946685 

•  To  the  Co-fine  of  the  Latitude  j » .j  2.00}  r    ■    ■? — 9'79i^3oz 

Whence  it  appears  that  the  time,  of  the  firft  Obfervation  was  at  . 
8  h.  30  m.  00  f.  when  the  Aiin^uth  was  South  72  deg.  12  min.  54 
fee  Eaft,  the  time  of  tlie  fecond  Obfervation  was  at  10  h-  00  min. 
00  fee.  when  the  Azijnath  was  South  47  deg.  38  min.  24  fee  }  E- 
and  the  Latitude  of. the  Pl*ce  of  Obferyation  was  5 1  deg.  3  2  min- 
00  fee*  North 

Prob.     VII. 

'Cafe  3.    .  ■  '  *' 

» Given  twoAltitudesof  the  Sun  taken  in  the  fame  Forenoon  orAf' 
temoon,  together  with  the  Alteration  of  Azimuth,  and  Difierence 
between  the  times  of  tbeObfervations^  to  find  the  Hour  of  the  Day 

Ccc  cc  a  •    '  ai)d 
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Azimuth  at  each  Obfefvation>  together  with  the  Latitude  oi'  the 
Place  and  Dcdinatioo  of  the  Sun. 

Exampk' 

The  San's  Height  whh  a  good  Quadrant  Vas  fbond  to  be  38^ 
deg.  1 8  toin.  45  fee-  f »  and  in  one  Hour  and  a  half  die  fiune  Fore* 
noon  it  was  found  to  have  incrcafed  1 2  deg-  6  mim  3  fec-l,  during 
which  time  the  Sun  bad  made  an  Alteratioirpf  74  d^.  3*4  min.  39 
fee-  4  (^  Azimuth  :  I  demand  the  Declioation  of  the  Sun,  tbeHour 
and  Azimuth  when  each  Obfcrvation  was  made^  and  the  Lacfeode 
of  the  Place  f  • 

Anfv)er. 

The  Declination  is  1 9.  deg-  3  9  min*  i  o  (ec*  |  the  time  of  die  Day 
at  the  firft  Obfcrvadon  was  08  h.  30  m.  co  f.  in  the  Morningi  iat 
which  time  the .  true  A]dmuth  was  South  7  2  d^-  1 2  nun*  54  ttc. 
Eaft,  the  time  ot  the  Day  at  the  fccond  Obiervation  was  i  o  h.  oou 
oof.  the  faitie  Morning/ when  the  Azimuth  was  South  47  deg. 
38  min.  f4rec  I  £aft»  and  the  Ladtude  ji  deg«  3  a  min-  00  fisc. 
North.  •      . 

Prob.  VIL 

Given  the  Altitude  and  Dedination  of  the  Sun>  together  with 
the  alteration  of  Azimuth  correfponding  to  agifcn  time,  to  find  the 
Hour  of  the  Day^  Azimuth  of  the  Sun,  and  Ladtude  of  the  Place. 

Exawfih 

The  Sun's  Declinadon  being  Tpdeg^  jpmim  TofcclNortfa, 
his  Aldtude  was  found  iii  the  Afternoon  to  be  50  deg.  24  m«i.  4P 
fee  ;,  and  in  the  Space  of  one  Hour  and  a  half  the  fame  Aftcr^ 
noon,  the  Azimuth  from  the  South  was  found  to  ihcreafe  24  deg. 
94  min.  §9  fee  },  I  demand  the  Ladtude.  of  the  Place,  theHoa*^ 
ot  the  Day,  and  Azimud)  of  the  Sun  at  the  tipc  when  dicSoaV 
Height  was  ^iken* 

Aijvi 
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'  The  Latitude  of  the  Place  was  5 '  dtg-  32  min.  cofec*  Korth 
the  Hour  of  the  Day  was  a  10  the  AftcroooD,  and  the  Azimuth  at 
that  lime  was  South  47  &g.  38  vokk.  14  fee  2  WcQ:. 

Prob'VIL 

Gifen  two  Altitudes  taken  on  the  iame*Day»  together  with  the: 
Hour  of  the  Day  when  the  firft  Oblervation  warmade^  to  find  the 
Latitude  of  the  Place  and  Azimuth  of  the  Sun* 

On  the  fth  of  May  1720,  the  Sun's  Altitude  at  half  an  Bour  paft 
Eig^t  in  the  Morning  was  found  to  be  38  deg.  18  min-  4^  Ice.  f^ 
and  fome  time  after  tiK  (ame  Mornings  the  Height  was  ohferved  to 
be  50  deg.  ?4  min.  49  fee- 1,  Ld^and  the  Latitude  of  the  Place, 
Hour  aad. Azimuth,  at  theiaft.time.of  Qbfervation* 

Anfwir.^ 

The  Latitude  is  f>  deg.  32  min^  ooiec>.the  Hour  is  loh,  oom^ 
tto  fee.  and  Azimuth  Soutb  47  deg.  jSntioi  S4fec.lEaIl. 

Emh.  VIL  '  - 

Caf»6. 

Gived  the  Sun's  Altitude,  and  the  Hour  on  the  fiune  Day^'  togc* 
ther  with  his  alteration  of  Aznnuth,  to  find  the  Latitude  of  the 
Place  and  Azimudt  of  the  Sun. 

Example. 

On  the  7$bo(J(iaf  1710,  the  Sun^s  Altitude  at  Two  in  the  Af- 
ternoon was  found  to  be^  50  deg.  34  min*  49  lec< },  and  during  a 

ccfcainuSiAct  of  Time  di«  Azwutb  was  fguod  to  ino^afc  34^* 

.     34  min. 
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34mio.  ?pfcc.J,  I  demand  the  Latitude  of  the  Place,  Hour  of  the 
Day  and  Azimuth  of  the  Sun  at  the  End  of  the  time  of  Obfervatiou- 

The  Latitude. is  '51  dcg.  32  min.  00  fee.  the  Hour  is  3  h.  ^om. 
and  the  Azimuth  is  South  yidcg,*  12  min.  54  fee.  Weft. 

A  great  variety  of  other  Cafes  might  be  formed  from  thisPrcJ/ew, 
but  thefe  that  I  have  given  Ihall  fuffic;c  for  this  time- 
In  the  fix  preceding  Cafes  the  Declination  of  the  Sun  has  been  fup- 
pofcd  the  fame  at  each  Obfervation,  wbei)  ia  reality  it  varies  about 
48  Seconds  in  1  \  Hour,  in  that  pare  of  the  Ecliptic  where  the  Sun 

•  'is,  that  is,  increafing  when  the  Swn  is  ia  the  ^rft  Quadrant  of  the 
Ecliptic,  between  the  time  of  the  fi.rft  and  fecond  (Jbfervation ;  and 
dccreafing  when  the  Sun  is  io.riie  fefpnd  Quadrant  of  the  Ecliptic, 
but  the  Difference  is  fo  fmall,  Aiatfor  the  £a(e  of  Calculation  it  has 
been  fejefted ;  and  altbo  It  be  impofiible  ty  any  InArumeQt  hither- 
to made,  or  that  can  be  made  to  take  the  Snn^  Aidtude  and  Azi* 
muth  to  Seconds  and  parts  of  Seconds,  yet  it  was  neccfiaiy  here  to 
fuppofe  it  to  be  done,  that  the  R^der  may  &e  how  very  eza&  the 
feveral  Requifites  anfwer  one  to  another  in  the  fevcxai  C^^i^  when 
Care  is  taken  in  the  Calculation ;  and  for  this  End  I.compofed  a 
Table  6i  Sines^  Tangenfs  and  Secmts  00  Purppfe  to  the  given  Num- 
bers. 

Xhe  following  Tables  of  the  Sun's  Place,'  conftmScd  affer  the 
manner  taught  hi  the  ivih  SeBion  of  ftirf  Ae  'jf,  and-  the  torvo- 

.  fpondent.RightAfcen/ions^n.d^  Declinations  thence  deduced  by  the 
help  of  the  f/l  Probkm  of  SeBton  tiie  ^d  o(  this  Part  are  allotted 
to  the  Meridian  oiLondoUy  and  adapted  to  the  Noon  of  each  refpcc- 
tive  Day,  and  therefore  to  find  the  true  Place  of  the  Sun^  hisDccli- 
tiatioB  or  jliight  ACceniiofl  to  any  other  time.of  the Ps^^,  -we  mud 
fay,  as  -34  Hours  is  to  thcjpiffexwp/bej^yccp  t^  Placje  of  the  $un, 
his  Declination  or  Krghtj^rcehffontl^e'.Nopnpf,^  ^nd 

his  Place,  Declination,  or  Right  Afceiifioh  the'Noon  of  the  follow- 
ing Day,  lo  is  the  timofrom  NoQH:to  a  fourth  Prbportiooal ,-  which 
being  aiddcd  to  the  Placeof  theSun,  his  Declination  or  Right  Af- 
cenfion  at  the  Noon  <)F  the  given  Day/wiM  give  the  true  Place  of 

'  the  Sun,  his  D^cHtKiMfen  ot^Right^Afdenfifm  at  the  tinftepropefed; 
bur  if  the  ^^iinbein  tlvj  feco(id^oc^f<MKth'QiMd^^^ 

'         then 
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then  die  (burtir  Proportimftl  being fubfttaded  Irom  db  DcdJoation 
of  the  Sun  ac  ctve  Nodti  of  che^ivei>  Day,  will:£ive:  his  a'iieX>^liipa«* 
tionatthittimt  propoTed.  ,^ 

SuppoTe^^MT  .£)»tin)p/r,  that  it  wen  required  to  find  ,tfae  tvoc  PUiic 
of  the  Sun  in  the  Edipcic,  his  ]>ediiiatioo  and  Right  Aftonfioa  u 
LoMdMon  thelirft  Day  ot  January  172;,  at  2  h.  ^5 mu  ^ f, in  thf 
AfteniMn»  lay^  ^  84  houn  is  to  f  deg.  o  t  mils-  07  fi^v .  Hie  J)itt^r  * 
rence  b^t^cen  23  d6g.  i^^ittiti.  62  Ut.  tte^kice  of  the  Sun  in  Ciyri- 
cdfif  the  Kto&  of  the  Day  given^  and  ^3  deg.  ai^  mikiwopftc-^^iF 
Caprki^n  the  Place  of  the  San  at  Noon  the  Diry  (oUdvriB^  or  /0» 
the  ai  of  January  fo  is  2  h.  3  5  m  36  f  the  time  from  Ndon  to  7m. 
34  f.  which  being  added  to  22  deg-  aamin.  02  iec.  the  Pl^MCfpf  the 
bunon-thefirft  Day  oi  January ^  will  give  22  dcg.  2pmin.  36  fee. 
for  the  true  Place  ofthcSun  on  thefirft  Dayof^f^w^ry  1725,  at 
2  h  35  m  i6{.P.  M.  After  the  fame  manner  th;  Sun  will  be  four^d 
to  have  ^f  de|.  j^min.  ipfec.  of  South  Declination,  and,  19  h. 
37  m.  08  f. ol  Right  Afcenfion 

Anctinafmuch  as  the  Tables  aire  Hcted  to  the  Meridian  o^  London^ 
if  the  Place  of  the  Sun,  his  Declihation  or  Rigi^t  AfcenHon  be  requi* 
'  red  at  any  other  Place  that  lyes  under  a  different  Meridian,  t()e  pro- 
portional Quantity  to  be  applied  to  the  Tabular  Place,  Declination, 
or  Right  ATcenfion,  in  order  to  find  the  true  Place,  Declination  and 
Right  A(cenfiQ0j  mufl:  be  found  after  the  lame  manner  as  in  the  for- 
mer Examftiy  by  faying,  as  24  hours  to  the  Tabular  Difference,  To 
is  the  Difierence  of  Longitude  in  Time  to  a  fourth  Proportional, 
which  being  applied  to  the. Tabular  Place,  Right  A  fcenfion  or  De- 
clination, yfxW  give  the  truePlace  of  the  Sun,  his  Declination  and. 
Right  Alcenfiort  at  the  Place  projjofcd. 

Thus  the  true  Place  of  the  Sun  at  Port  Royal  in  Jamaica^  which 
lies  5  b-  4  m.  to  the  Weft  ward  of  the  Meridian  of  London  on  the  ^t  fl  , 
o(  January  1725  at  Noon,will  be  found  to  be- 22  deg.  34  min,  $5  fee. 
in  C4pr/V9rj|,'hisr  true  Declination  at  that  time  being  2 1  deg.  35  hiin.- 
I  y  fec^outh,  and  his  Right  Afcenfion  19  hor-  37  min-  3  ^  fee  but  at 
Cheufim  in  China  which  lies  8h,  6m.  to  the  Eaftward  of  the  Meridi- 
znoi London^  the  Sun  at  Noon  on  the  fame iirft  Day  of  January 
at  Noon,  will  be  found  to  be  in  a  2  deg.  o)  min.  75  fee.  in  Capria^n 
having  21  deg.  4omin.  52  fee.  South  Declination,  and  his  Right 
Afccnlion  at  the  fame  time  wiU  b:  found  to  be  1  p  h.  3  5jm.  1 3  f. 

And 


j^^  'AJPronmtcal  Trobkms  ^ . 

And  ioartiiachas  the  Place  of  the  Sun  and  confisquentfy  his  Ocdi^ 
^  nation  and  Rifbt  AfceniioD  is  found  to  vary  annually,  by  reafon  of 
the  odd  5  Hours  and  49  Ikltnutes  of  which  the  Solar  confiut  oi^ovec 
md  above  the  ^6$  Days ;  I  have  added  Tables  to  (hew  the  propor- 
tionable Iscreafe  orDecreafe  to  be  applied  to  the  TabuUr  Flacc^  &c. 
10  give  ^  true  Place,  &c.  Thus,  the  true  l^aeeoftheSunon  cfae 
fyStofJ^uttmrj  1800  at  Lmd$n^  will  be  found  to  bcOfrkmru  Z2 
deg*  8  min-  41  fee*  his  Declination  at  that  time  t  ideg-  ^9  niin<  af 
fee*  S«and  Us  Ri^ht  Afcenifion  if  hor.  35  min«  4a  fee.  and  by  ap- 
plying the  Quanades  of  the  Variation  the  contrary  way  to  their 
refpedive  Titles,  mav  the  true  Place*  of  the  Sun^  be  found  fof  gt^ 
time  4^j  •  within  the  compa&  of  the  Tables* 
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Apronomical  problems,  4 1 7 

Sea.  IV. 

Containing  Methods  for  Calculating  the  Longitude  Lati-^ 
tude,  ^ight  jfcef^oH^  and  Declination  of  the  Moon, 
or  any  Fixed  Star  or  Planet,  together  with  the  Times 
of  their  ^ifing^  and  Setting  their  Amplitudes y  A:<i' . 
mufhsy  Hour  of  the  Nighty  &c. 

Definitions. 

I.  /^  Onceive  a  Great  Circle  to  pafs  thro*  the  Poles  of  the  Edip- 
V^  tic  and  the  Moon  or  any  Fixed  Star,  and  the  Arch  of 
the  Ecliptic  contained  or  intercepted  between  the  firft  point  of 
Aries  and  the  point  of  the  Ecliprfc  thro'  which  the  Great  Circle 
pafles,  is  called  the  Longitude. 

a.  And  the  Arch  of  the  Great  Circle  intercepted  between  the 
Ecliptic  and  the  Moon  or  Fixed  Star  is  called  the  Latitude ;  and  if 
the  Moon  or  Star  be  placed  to  the  Northward  of  the  Ecliptic  it  is 
called  North  Latitude,  but  if  the  Moon  or  Scar  is  fciruated  on  the 
South  fide  of  the  Ecliptic  it  is  called  South  Latitude. 

3 .  Conceit  a  Great  Circle  to  pafs  thro^  the  Poles  of  the  World 
and  the  Moon,  or  any  Fixed  Star,  and  the  Arch  of  the  Equa# 
tor  cmittoed  between  the  fuft  poiAiofArits  ahd  the  Interfedion  of 
this  Circle  with  the  Equator^  is  called  the  Right  Afcenfion; 

4.  And  the  Arch  of  this  Great  Circle  intercepted  between  the  E- 
quator  and  the  Moon  or  Fixed  Star  is  called  the  Declination ;  and  if 
the  Star  or  Moon  be  on  the  North  fide  of  the  Equator,  it  is  cal- 
led North  Declination,  but  if  cither  of  them  be  fcituarcd  to  the 
Southward  of  the  Equator  it  is  called  South  Declination. 

Hence  it  is  naanifeft^  that  all  the  Fixed  Stars  that  lye  between  the 
Equator  and  the  Norchern  half  of  the  Eliptic,  or  the  Moon,  or  any 
cfther  Planet  when  they  happen  to  be  within  this  Space,  have  North  • 
DeclinaiioB  aad  South  Latitude  ;  and  on  the  contrary,  all  the  Stars 
or  the  Moon  (when  it  fo  happens)  that  lye  between  the  Equator 
and  the  Southern  half  of  the  Ecliptic^  have  South  Declination  but 
North  Latitude. 

Ggggg.  For 
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Jfironomical  Trohlems. 


For  Exanffhf  the  Southern  Eye  of  the  BnB  Aldebaran^  which 
is  placed  in  5  deg.  57  min-  oi  Gemini ^  has  15  deg.  55  min.  23  fee. 
of  Norch  Declination,  -and  5  deg.  2p  min.  49  fee.  of  South  Lati- 
tude ;  and  on  the  contrary,  the  firft  of  the  two  Stars  in  the  follow- 
ing Horn  oi  Capricorn  which  is  placed  in  29  deg.  57  min.  ip  fee.  of 
Capricorn^  has  13  deg.  19  min;  30  fee.  of  South  Declination,  but 
7  deg    I  min.  31  fee  of  North  Latitude. 

N.  B.  Thef«  Places  of  the  fixed  Stars,  as  well  as  thofe  that  I  Ihall 
make  Ufe  of  in  this  SeSiiou,  are  fitted  to  the  Year  172^  ;  that  is, 
36  Years  after  the  commencement  of  Mr.  Flamfteeds  Catalogue. 

Thefe  Things  tho*  obvious  |p  any  that  are  but  moderately  skilled 
in  Aftronomyy  are  fometimes  apt  to  confound  Young  Beginners>  and 
therefore  I  thought  them  neceflary  to  be  explained. 

Prob.  L 

Given  the  Latitude  and  Longitude  of  a  fixed  Scar  or  Planet,  to 
find  the  Right  Afcenfion  and  Dtclination. 

# 

■ 

Example.  ^ 

The  Bright  Star  o(  Aries  being  In  Taurus  3  deg,  49  min.  18  fee 
and  having  9  deg.  57  min.  12  fee.  North  Latitude,  I  demand  its 
Right  Afcenfion  and  Declination,  or  diftance  from  the  North  Pole, 
the  Obliquity  of  the  Ecliptic  or  diftance  betv^een  the  Poles  of  the 
quinoftial  and  Ecliptic  being  fixed  at  23  deg.  29  min. 
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The  Stereograpbic  Sobttion  upon  the  Plane  of  the  Solftidal  Colare. 

J) ,  I.  Having  dr^wn  the  Solflicial  Co- 

^^  lure  PQ^SAy  the  Equator  AQj  and 

at  Right-angles  to  it  the  Equino&ial 
Colure  P  r  Sj  ret  off  the  Chord  of 
23  deg.  29  min.  theoblimiity  of  the 
n  Ecliptic  from  -4  to  »  orfrom  Q^  to 
yfy  and  draw  the  Ecliptic  •  r  vy^ 
and  at  Right-angles  to  it  its  Axis  ^T^r. 


a .  Thro'  Ac  point  ^  the  Pole  of  the 

cliptic^draw  ^e  Qrcle  of  Longitude 


Jjitonomical  problems.  4ip 

'jrif'^^  forming  an  Angle  of  5^clcg.  lomin.  42  lee.  equal  to  the 
difiance  of  the  Stars  Place  from  the  firft  point  or  Cancery  with  the 
Solftitial  Colurc  ''^ «  «^,  by  Cafe  the  3  J  o(  ProL  the  gth,  o(Se£i.  the 
liof  P^rf  the  4thy  and  lay  off  81  deg.  oz  min.  48  fee  the  diftance  o( 
the  Star  from  the  North  Pole  of  the  Ediptic,  or  Complement  of 
the  Latitude  in  this  Circle  from^  to  *,  by  Cafe  the  jrf  of  Problem 
the  6tb  of  the  fame  SeElion^  then  will  4f-  rcprcfent  the  Place  of  the 
firft  Star  of  Aries  in  the  ProjeSliott. 

}•  Thro'  the  Poles  of  the  Equator  P  and  S  and  the  point  *, 
draw  the  Circle  of  Right  Afccnfion  Z'  *  5",  by  Protlem  the  ifi  of 
SeSiioft  the  id  of  Part  the  4'*,  and  the  thing  is  done ;  and  the  Angle 
*  P  ®  the  Right  Afccnfion  from  the  Solftitial  Colure,  may  be 
meafured  by  Cafe  the  2do(  Problem  the  lOth,  ofSeEiion  the  2d  ot 
Part  the  4^*,  and  the  Arch  P  *,  thediftancc  from  the  North  Pole, 
or  Complement  of  the  Declination,  may  be  meafured  hy  Cafe  the  ^d 
of  Problem  the  7th  of  the  fame  SeBion. 

Lc^arithmkaUy^  or  by  Calculation. 
In  the  Oblique-angled  Spherical  Triangle  P  ^  ^f  are  given,  P  «• 
the  diftance  between  the  Poles  of  the  Equator  and  Ecliptic,  equal  to 
23  deg.  29  min.  00  fee.  the  Angle  P^  *  the  Stars  Longitude  from ; 
the  Solftitial  Colure,  equal  to  jd  deg.  10  min.  42  fee.  and  the  Arch 
^  if.,  equal  to  the  Complement  of  the  Stars  Latitude,  equal  to  80 
dcg/02  min.  48  fee  whence  to  find  firft  P  ?(•  the  Complement  of 
the  Stars  Declination,   it  will  be  by  Cafe  the  iithol  Oblique-angled^ 
&c.  (having  firft  let  fall  the  Perpendicular  %  R,) 

AsHicSjP*-*  :  :t,^*:t,^/f;  that  is, 
As  the  Radius — lo  0000000 

To  the  Sine  of  the  Longitiule  from  T   3 349. 1 8  9.745  j 508 

So  is  the  Co-tangent  of  the  Latitude  p.  J7.12 -107557545 

To  the  Tangent  ot  a  4tA  Arch  ^  R  72.3003  j  'lo  50130J3 

gm  ^  R'^P'^  =^  Rf  ^^^^  *^i  if  from  the  fourth  Arch  equal  to 
7a  deg.  30  min.  03  fee.  I,  be  taken  the  diftance  between  the  two  ^ 
Poles  23  deg.  apmin.  00  fee-   there  will  remain  PR  z  fifth  Arch, 
equal  to  49  deg.  01  min.  03  (cc.1,  whence  to. find  the  Declination 

ic  will  be,  '^ 

G  gggg  2  As 


41  o  Afir&mrnkcd  ^rohUms.    . 

As  cs,'^  R:cSyPR:  :  c  $,'»'*  tcs^P  *;  that:^. 
As  the  Co-fine  of  the  fourth  Arch  72.30.03f  ->     ^p>47$y|f^4Sg 


"•^ 


To  the  Co-fine  of  the  fifth  Arch4p.01.03f  • 9-8157885 

So  is  the  Sine  of  the  Latitucic  9.57.1  a —9,137155512 

To  the  Sine  of  the  Declination  2208.50  i 9-57^3^^9 

Which  is  North,  becauie  the  Stars  Place  is  in  the  Northern  half 
of  the  Ecliptic,  and  the  Latitude  North. 

Again,  to  find  the  R^t  Afcenfion,  it  will  be  by  die  latter  part 
of  the  p^h  Cafe  of  Oblique,  &c» 

AsS^PRiS.'^R:  :  t,  P^  %  :  t,  -rfP#  ;  that  is. 

As  the  Sine  of  the  fifth  Arch  PR  49^0 1.03  j 9-^77^9^5 

To  the  Sine  of  the  fourth  Arch  ^  R  71.30  ©3I 9.9794^*o 

So  is  the  Co>taog.  of  the  Longitude  (tomA/ies  3  3  49. 18  10. 17393  2 1 

To  the  Co^T.  of  the  Right AfccnifAomT  27.5tf.17i  10.27545 -tf 

111!    W^—^l^— ^ 

Whence  it  appears,  that  according  to  Mr  FIam^ed\  Catalogue  oi 
tht  fixed  Stars,  that  in  the  Year  172^,  the  Right  Aicenfion  of  tlie 
Bright  Star  ot  Aries  will  be  27  deg.  5/^  nun.  17  ftc.  J,  and  i&s  Nor- 
thern Declin:»tion  22. deg.  08  min.  50  fee.  |. 

After  the  fame  manner,  and  according  C6  the  Rules  given  in  the 
Tft  Cafe  of  the  ifl  Problem  of  the  former  SeSHovy  may  the  Right  Af- 
ceniion  and  Declination  of  the  Moon  or  any  fixed  Sur  or  PUa^t  be 
determined^  from  the  Latitude  and  Longitude  firft  given3  and  to  ex- 
ercife  the  Young  Student!  fhall  fubjoin  a  few  Exivpples* 

Example  x. 

What  is  the  Right  Aicenfion  and  Declination  of  AldeiarmiyCf  rkc 
Southern  ^Eye  of  the  BuB,  the  Star  being  in  Gemini  5  deg.  57  mia. 
09  fee.  and  having  5  deg.  29  mjn.  49  fee.  South  Latitude. 

Anfwer 

The  Right  Afcenfioais  ^5  deg.  oamin.  57fec»  the  Declinadoo 
15  deg.  55min.  23  fee- North. 

-Ex- 


jftntMHtcal  TroHtms.  4 1 1 

What  h  the  Right  Af(;6nfion  and  Inclination  of  the  Head  of  ^ 
Jromeda,  the  Star  being  in  /Iries  lo  deg.  28  mln.  $3  (to  and  having 
«$  deg.  41  min.  01  fee.  North  Latitude. 

Anfwer* 

The  Right  Afcenfion  is  358  deg.  33  mm.  20 fee.  and  Declination 
27  deg.  34  n^in-  '2  ^^^-  North. 

I  demand  the  Right  Afcenfioa  and  Declination  of  the  Lyons  Hearty 
the  Star  being  in  Leo  26  deg.  oi  min.  20  lee.  and  having  00  deg. 
2tf  mta.  3f8  fee  of  North  Dech'oatioo. 

Anfwir. 

The  Right  Afcenfion  is  148  deg.  i6  min.  00  fee.  and  the  Decli- 
nation 13  deg.  17  min  04  fee.  North. 

Example  4. 

What  is  the  Right  Afccnfton  and  Dedination  of  thtOnatDog 
Star  Syrtust  its  Place  being  in  Camer  10  deg.  19  min-  or  fee.  and  ha- 
ving 39  deg.  ja  min.  08  fee  South  Latitude. 

Anfvitr. 

The  Right  Afccnfioa  is  j>8  deg.  idmin.  34- ice.  and  Declination 
16  dog,  10  taia.  59  kc.  South. 

Example  5. 

What  is  the  Right  Afcenfion  and  Decimation  of  the  Bright  Star 
in  the  Harp,  di*  Place  bciag  in  Gafrktm  1 1  d«»  a?  «in-  "  '«^'  *".H  - 
haviBg'<yi  deg.  45  min.  3'  fee. North  Latitude 

AnfwT. 
The  Right  Afcenfion  is  2 7<J  deg.  %A,mci.  03  fcc.f,  antf  DccKha-- 
tion  38  deg.  33.min.  02  fee.  North.  .    ,  ;  -  -.^  ^,  ,  ,;  • . .. 


Extmiftt'^i  '  •--    •    ''"-•  ■■•'   •  ■• 


What  is  the  Right  Afcenfion  and  Dediriatioh  of  the  Right'Shoul- 
dcr  of  OrioB,  the  Star  being  in  Gemihi  ^^  deg.  5  j  min.. 06  fed  and 
having  itf  deg.  o^-min.- i<Jfec.  South-Latitude   - .        , .    Anjy}. 
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The  Right  Afcenfion  is  8  s  deg.  04  min.  33  fee.  and  Dediiuti- 

onoydcg.   ip  min.  15  fee.  North. 

ft 

Prob.  r. 

Cafe  2. 

Given  the  Right  Afcenfion  and  Declination  <4  a  fixed  Star  or 
Planet,  to  find  its  Longitude  and  Latitude,  the  Obliquity  of  the 

Ecliptic^  being  fixed  at  23  deg.  2pmin;  00  fee. 

...  '     . 

Example* 

The  Right  Afcenfion  of  the  Bright  Star  ot  Aries  being  27  deg.  5^ 
min.  17  fee  and  its  Declination  22  deg.  08  min.  50  lee  North. 
I  demand  its  Longitude  and  Laititade.' ' 

The  Stereografhk  Sointion. 

I.  Having  drawn  the  Solflirial 
Colure  P^i^^,  the  Equator  AQ^ 
the  Solftinal  Colure  Z'  S^  the  L- 
x^liptic  ®  >y,  and  its  Axis"*"^,  as  in 
the  former  Cafe,  thro'  the  Poles  P 
and  S  draw  the  Ciccle  of  Right  Af- 
cenfion P'^  S,  forming  ar  Angle  of 
61  deg.  03  min.  03  fee  equal  to  the 
Complement  of  the  Right  Afcenfion 
of  the  Star  from  Arkst  by  Cafe  the 
3^  of  Problem  the  ^h  of  Part  the  4^*, 
and  fct  off  67  deg.  jimin.  10  ice. 
the  diftance  of  the  Star  from  the  North  Pole,  or  Complement  of 
the  Declination,  in  this  Circle  from  Pto  *,  hyCafexht  ido^Pre^ 
item  the  6th  of  the  fame  SeHion^  then  will  ^  reprefent  the  Place  of 
the  firft  Star  of  Aries  in  this  Projedion. 

2.  Thro'  the  Poles  of  the  Ecliptic  -^  and/^  and  the  point  *,  draw 
the  Circle  of  Longitude  ^  *  <r,  and  the  thing  is  done  ;  and  the  An- 
«lc  *  »  Y'  the  Longitude  fi-om  the  firft 'point  of  ^r/>/,  may  be  mca- 
Uired  by  Cafe  the  ^  of  FroUem  the  lOA^y  of  SeBian  the  2  J  of  Part 
the  ^^  and  the  Arch  -K  x  the  Latitude  in  this  Cafe^  or  the  Arch 
7  #  its  Complement^  may  be  xneafured  by  Cafe  the  i^o( Problem  the 
7xAQf  the  fame  &£?iVif.  •     —     -*  j^^ 
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UgjUrithmkaBj^  or  by  Cakutatim* 

In  the  Oblique-angled  Spherical  Triangle  /^ '»'.  *  arc  given,  P  ^ 
the  conftanc  diftance  becwecn  the  Poles  of  the  World  and  Ecliptic 
equal  to  23  deg.  29  min.  the  Ang  e  R  P  -^  the  Complement  of  the 
Stars  Right  Afcenfion  from  the  firft  point  o^  Ariesy  equal  to  62  deg: 
03  min-  41  Tec.  and  the  Arch  P  '^  the  diftan^e  of  the  Star  from  the 
North  Pole,  or  Complement  of  its  Declination,  in  this  Cafe  equal 
to  67  deg.  5 1  min  07  fee.  whence  to  find  firfl  the  Arch  ^  %,  the 
Stars  diftance  from  the  Pole  of  the  Ecliptic  ^,  or.  Complemebt  of 
the  Latifudc,  it  will  be  by  Cafe  the  iithoiObUque-anghd^  dec.  (ha*- 
vif^  firft  let  fall  the  Perpendicular  *  R.) 

As  iJ  :  C  s,  ^  P  ^  :  :  t,  P  *  :  t,  PlR  j  that  is. 

As  the  Radius -_— __-^ —  lo.ooooooo 

To  the  Sine  ot  the  Right  Afccn.  from  Aries  27.55.17  •— 9.^7072  ji 
So  is  the  Co-tangent  of  the  Declination  22-08.50  —10.3903851 

To  the  Tangent  of  a  fourth  Arch  P  R  4^*01.04^—— 10.0611112 


titm 


But  Pil+P^  ~/l^;  that  is,  if  to  the  fourtli  Arch  P R,  equal 
to  49  deg.  01  min.  04  fee.  i,  bft  added  P''  the  conftant  diftance 
between  the  two  Poles,  equal  to  23  deg-  29  min.  03fec.  the  Sum 
72  deg.  30  min-  04  fee.  f,  wil  give  R^  for  a  fifth  Arch^  whence 
to  find  the  Latitude  it  will  be> 

As  the  c  s,  P it  :  cs,/i  IT  :  :  c  s,  P  *  :  c  s, ^  *;  that  is. 
As  the  Co-fine  oithe^b  Arch  PR  49.01.042 -9.81678(^4 


mm 


To  the  Co-fine  of  the  yb  Arch  P  ^  72. 30.04? ^^9.4781 118 

So  is  the  Sine  of  the  Declination  22.08,50 — p-SJ^i^?^ 

m  I       ■   II         I  ■■■■——I 

To  the  Sine  ofthc  Latitude  9.57.1 1 1 9.237^^14* 

Which  is  North,  becaufe  the  Stars  Right  Afcenfion  is  lefs  than 
180  deg.  00  min.  00  fee.  and  its  Declination  North. 

Again  to  find  the  Longitude,  it  will. be  by  the  latter  pait  of  thei 
^th  Cafe  o(  ObUjuf,  &c. 


1 
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As  the  S. »  »t  SiFR :  :  t,  -fF^i-^t,**^  j  that  is. 
As  the  8Ji»  of  the  fifth  Arch  «■  R  72.30.04f  •—*— 9-9794*95 


■    "^i^      tm 


To  the  S«)e  of  the  4**  Arch  P  /{  4^.01.04^^  ■"  ^.877*978 

Sq  is 'the  Co-tang,  of  the  Right Afc.  from  V  27.55*47  10.2754592 


'•^•■•itfMMM^l* 


TotheCo-tMgt  of  the  Longit.  from  T  33*49.19!—^  ^o-'73P*75 

- — — '  J 

Which  gives  3  4eg.  49  min*  18  fee-  i  in  Taurus^  for  the  Place  o( 
the  St^v- 

After  the  fame  manner,  and  by  the  help  of  the  Rules  given  in  the 

'^d  Cafe  of  the  tfi  ProbUm  of  the  laft  SeBiWy  may  the  Latitude  of 

'  the  Moon  or  any  fixed  Star,  and  its  Place  in  the  Ecliptic  be  decer- 

'  mined,  from  the  Right  Afc^nfion  and  Declination  firft  given,  as  will 

-  appear  from  the  following  Examples. 

Whlat  is  tlie  Latitnde  and  Place  of  Sfica  yirginu^thc  Right  Afccn- 
fion  being  197  deg«  42  min«  07  fee-  and  its  Declination  9  dcg.  43 
'  itiin*  23  fee  Souths 

Anfmr* 

The  Scars  Place  is  in  Uhra  10  deg-  01  min-  22  fee-  and  its  Lati- 
'  tode  2  ckg*  01  min«  59  fee-  South* 

Examfle  2. 

Whrt  is  the  Latitude  and  Longitude  of  the  Bright  Star  in  the 
Ea^y  its  Right  Afircnfion  being  294  deg.  i9Tnin.  jtf  fee.  and  its 
D«Kn«ion  8deg-  10  min-  01  fee*  North. 

jiftfwer. 

The  Stars  Place  is  in  Capricorn  27deg.  53  min.  24{ec«  and  its 
LjWitttde  is  29deg.  19  mtn.  1 1  tec  North. 

Example  3. 

What  is  the  Longitude  and  Latitude  ofProcjon^  or  the  Bn^t  Star 
in  the  Litle  £)^,  its  Ri^  Afcen^on  being  m  deg,  14.001.  oi  fee. 
and  its  Declination  ©5  dcg.  54  min.  26  fee.  Norths 


^|h4*SMfi\PJace i? in Giiw^  22d$^  «pmu);  ax.fep.  aad  itftLa- 

What  is  the  Longitude  and  ^ticude  ofthe  Bright  Foot  of  Orion, 
called  Ri^eli  vhofe  Right  Afcenfion  is  75  deg«  20  min.  45  (ec«  and 
its  Declination  BrdcgiL  33  min.  00  fee*  South. 

Aitfwer: 

The  Stars  Place  is  in  Gemni  19  deg.  00  min.  00  fee*  and  its  La? 
litude  i$  3^1.  d^  10  nuo^  £i.re(i«Soi)th; 

V 

Examfk  5- 

What  is  the  Longitude  and  Minttude  of  CafeBa,  or  the  Goat  Star, 
its  Rig^  Aiceofioii  being  74  deg*  qt-qub/  1,4  fee*  and  its  BecUna- 
ti^a  4$  deg*  41  min^  j^.reC'  North*, 

Ai^fioir. 

The  Place  of  die  Star  is  in  Gimini  18  deg.  bi  min.  41  f^c.  and 
its  Latitude  22  deg.  ^i  min.  47  ffec.  North. 

Examfk  4. 

What  is  the  Place  and  Latitude  of  ArShrut,  its  Right  Afixofion 
bein|;  210  deg-  47  min-  42  fee  «j  and  Declination  20  d^.  38  ns|H« 

An/wpi 

The  Stars  Place  is  in  Litra;%adpg^  23  min-  52  fee*  and  its  La- 
^tyde  i^  30  deg.  57  min.  00  fee-  North. 

Tbefe  two  €^ being  djeprineip^i-aml oftfy^  uiefotC^oCYhif 
Pn^hlemy  I  fljall  onty  propofe  the  rentiitting  E^bt  Otfin^  $ai  f/m 
tbck  Anftotrs^  and  ieare  mcOferatioui  to  Bxercife  the  LeanidD 


«       » 


Given  the  Righ^Afe^O&>^  ^ndP^clinatipx^ofa  Star,  tq^t(ier^ 
^th  its  Latitude^  to  find  the  Longitude  afid  gc^atcft  Obliquity  of 
che  Ecliptic. 

Hhhhh  Exanf' 


^2^  jjifonomical  frohlansi^ 

■  ExamfU. 
rhc  Right  Afccnfion  of  the  Southern  Eye  of  the  BuUAldeiaroM 
bcinetfS  deg.  o*  min.  57  <"«•  "^  Declination  15  dcg-  55  mm- »|  ^c 
Ss  Latifudc  5  deg.  29  min.,49  ^c.  South-  I  demand  the  Loa- 
gitude  and 'Obliquity  of  the  f^cliptic. 

Anfwer. 

The  Star  is  In  Gemini  5  dcg-  57  "i"- '«"  f««-  and  the  Obliquity 
ot  the  Ecliptic  is  13  dcg-  29  mio-  ?«  *«<=* 

Given  the  Longitude,  Latitude  and  Decimation  of  a  Star,  to  find 
the  Right  Afccnfxon  and  Obliquity  of  the  Ecliptic. 

The Northcn  Horn  of  thc'^uB  b^ing  in  18 deg.  43  miti.  5<f  fee.  of 
i-.i.w  its  Latitude  s  deg.  ai  min.  34^50.  North,  and  its  Dccli- 
StTr/s  deg  -  min.  33  fep.  North!"  I  demand  its  Right  Afcen- 
fion,  and  the  Obliquity  of  the  Ediptic 

The  Right  Afcenfion  is  77  deg.  u  min.  49  fee  and  the  OUi- 
«uity  of.th^ Ecliptic  is  a^^d^fi;  *9  ram.  oofec.^ 

^'ciVen  the  Right  Afcenfion  of  a  Star;  its  Utitudc,  and  the  Obli- 
quky  of  the  Ecliptic,  to  find  the  Longitude  and  DcdinatiOQ; 

:  /V^t  is  tfeLoogitttdeAnd  Declination  of  the  %*''»oe^<^0- 
y«»n».Latitude  Mng.itfdeg,  o^mui.  a<5fcc.  South  its  Right 
iSnSn  85  iicg.  04  min.  33  ft?-  and  the  gceateft  DUiquity  of 
the  Ediptic  13  deg.  aj>  min.  00  fee 

■  The  Star  is  in  Gemni  14  deg.  jj  min.  00  fee.  and  its  Declini- 
tion  16  deg.  04  min.  atf  fee  South. 

Sac 
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Bat  if  the  Latitude  of  the  Scar  U^  greater  than  66dtg.  31  min- 
00  fee-  as  happens  to  all  the  Stiars  that  are  (cicuated  between  the 
Poles  of  the  World  and  the  Ecliptic,  then  the  Cafe  becomes  Am* 
biguous  I  and  the  fame  P^ca  may  be  common  to  two  Stars^  ^  ^ 

Cafe  6.  " 

Given  the  Right  Afcenfion  and '  Longitude  of  a  Star,  together 
with  the  Obliquity  of  the  Ecliptic,  to  iipd  the  Latitude  and  Decli- 
nation. 

. » 

The  Bright  Vwk'oiOribn  called  R^el^  being  in  G^^mtei  1 3  deg" 
00  min.  00  fee.  and  its  Right  Afcenfion  being  75  deg«  %o  min.  ^ 
fee.  I  demand  its  Latitude  and  Declination,  thegreatoft  Obliquity 
of  the  Ecliptic  being  23  deg.  2pmin.  00  fee* 

Anfwif. 

The  Latitude  is  31  deg*  10  min.  ti  fee.  South,  and  th^  Decfi- 
nation  is  8  deg.  3  3  min.  00  fee.  South. 

.    .  ^      t   '        • ,  Caff  7.  .    .    . 

Given  the  Latitude  and  Declination  of  a  Star,  together  wkh  die 
Obliquity  of  the  Ecliptic,  to  find  its  Longitude  andRi^ht  Afceofioa. 


<  J 


J^xamfU.    . 

.What  is  the  Longitude  and.  Right  A  fneofion  of  tht  Great  Dug  Star 
5)ri»i,  its  Latitude  being  39  deg.  3  2.  min.  08  fee.  Souths  its  Latt-* 
tude  1(5  deg.  20  min,^  29  fee.  South,  the  greateft  Obliquity  being 
fixed  at  23  deg4  2p  min.  00  fee. 

•  *  •  •         ' 

A^ficerJ 

♦  _ 

The  Star  is  in  Cancer  10  deg.  ip  min.  61  fee.  and  its  Right  Af- 
cenfion is  98  deg.  i5min.  32  fee/ 

Cafe  8. 

'  Given  ^  the  Longitu4e  <|nd  Declination  of  a  Star;  together  with 
die  Obliquity  ot  the  £cli|>tic,  to  find  the  Right  Afc^niion  and  La- 
titude. 

Hhhhh  %  Ex^ 

• .         .  ... 


•         >  I  # 


'VThnistbe  i^i^ht^^fdWlioD  and  :ijac)ta<le '6f 'the  S^ht  «Mr  in 
the  Hkr^y  its  Plaec^diftg*  i  <l«g.  >7  mla.  iSlec.  ia  Gt^kmi,  'mi 
its  Declination  5ideg'  admin-  5Jrec.Nonh. 

ThcTlight.Afccnfion  is  ^6dcg.  54 mm. '05*0.  OTd  chela- 
dtude  5i  dcg*  45  min.  3 1  fee.  North. 

When  the  Complement  of  ^tbe  .Sars  Declination  h  lefe  than  the 
<3ailifliiity#f'J*«B(%|ic,,a**api^^ toaH  tbs^MTs^c are^pfarced 

««ithta^b^^i^M:^<^b(^''^^'^'Ci«^«^>  wnt)uc  Solutm  is  doukful, 
nd  (wiil^ii^^iwo^diflerent  {>pin^  inthe  Jgk^vmiM. 

Given  the  Longitude  and  Latitude  of  a  Star,  together  with  its 
Jj^kt  A(ceQ{ion,i;o  ifind.tfae. Stars  Declination  a^  theObliqui^  of 
die  Ecliptic. 

MxamfU*         .       ' 

The  Lions  Heart  called  Regulksy  -being  in  Leo  26  dcg.  01  min. 
^o  kc.-^nA'imms  i^ed«g-  itfmln.  ©ofcc-'of '«%ht  Afccnflbn, 
-and  oo'deg.  a6l&c  7B16C.  «£  Novtfaem  Lackode*  il  ^ionttd  iss 
Declination  and  the  Obliquity  of  the  Ecliptic. 

Mfgvser* " 

4t» IJddBmrtiwi  fe  i?  BtR  >7«»tt.  04  &&  rMbreh/  and  the  OhS- 
qmtyoPtke€dipticis^3faqg.  %9vcm.  ooiec 

C^  JO. 

Given  the  Right  Afceofion^^DQclcpation,  and  Longitude  of  a  Star 
•^o  find  {he  Latitude  and  Obliquity  of  the  Ecliptic  -  ' 

Exumfli^ 

The  Head  of  Andromeda  heiiig  in  Aries  10  deg«  a 8  min.  %i  fee. 
dtsJlightAfcenfipn  being  358  dcg.  j^  min-  ao fee.  .and  having  27 
d^-  34»^i^-  -l^'fcc-  KforJh  Decgnation..  1  demanfd  its  Laiitnde 
and  the Obliqaftybf^fie  Ecliptic   ^      .  ..i  -   .  ^  ,  *"  "» 

Its  Latitude  is  25  deg.  41  mm'-  01  'fee  North,  and  the  Obliquity 
of  the  Ecliptic  23  deg.  29  voin%  00  fee*  And 


'Aiyflatthe''«he|^i.4i»,  9^^  .kud  »fh Xdfes  ztt^i^skM'^inx 
3otib^,  (wtordkig  as  »tbe  giVen  Numbers  when  compared  one 
with  itnother,  are  groaicr^or  fetfer  rhan  each  other)  codfidered  as  a 
^heriall^riangk,  ytt  as  applied  in  this  Pra^/p9xr  they  are  all  limited, 
•i^cactfeithe  diftance  ):«ewe6ti  the  two  Poles  or  Obliquity  of  tbe£- 
diptiCi  is  always  a  conftant  'Quatiti^. 

«y  comparing  togetherthc  Places  of  the  fixed'Stars,  deduced  from 
'Obfcrvations  made  atdiftant  Timcfs,  it  has  been  found  that  the 
*Stars  mOYe  with  a  coilftanc,  regular,  uniform  Motion  in  Cieclea  . 
t*andW  to  the  ^cfi^ic,  whence  it  colics  to  pafs  that  they  alter  theit 
^ngitudes  equally,  and  always  keep  the  lame  Latitude  ;  this  AnF> 
nual  Motion  of  the  fixed  Stars  has  been  determine  by  Mr.f2W» 
ftedy  to  be  ^o  Seconds  of  a  Degree^  and  confequently  ^ch  Star  in- 
<nxafes  its  Longitude  One  !Dcgi«ee  in  72  Years ;  hence  the  firft  Scar 
cfj*nT/<Whfdi*  according  to  Mr.  i^a^if/fcerf's  Catalogue  in  the  Tear 
T700,  -w^s'in  Afm^%  deg.  jpmin.  jo  fee  -jgy  Years 'before  Cbriji^ 
that *is,  about  247 Tears  before  ffiffarcbuss  Time ;  itiiras  in  the  firil^ 
point  of  Jirhs,  and  at  the  beginning  of  the  ifth  Century  it  will  be  itt-t 
7W»i,    22  min^  4.9'^^c.  and  at  the  end  of  25920  Years,  it  will 
return  to  the felf  fame  place  of  the  Heavens  it  was  at-the  Commence- 
ment  of  that  Titne,  always  keepmg  at  the  diftance  of  82  deg*  5 1 : 
*»!&.  02  ^c.  according  to  the  #Xt;Kr/?eei6Viii  Catalogue  from  theNo^ 
them  Pole  of  the  Ecliptic. 

After  thefame  manner  it  will  be  found  that  the  Pole  Smr  which- 
ia  the  Year  it^^owas  in  Gemini  24  deg.  i4-min.  41  fee.  havm^  tf< 
deg.  04  min.  11  fee.  North  Latitude,  at  the  diflance  of4i4  Yeara^ 
t>r  -in  the  Year  2104,  ^^^^  be  upon  the  Sunmrer  Solfiice  y  at  whidt^ 
Time  its^diflance  from  the  North  Pole  will  be  but  2^  min.  41  fee.  amlv 
That  at  the  end  of  ii^tfo  Years  after  that,  or  in  rheTear  i  J054  (if  the 
World  continue  fo  long)  it  will  be  gotten  upon  the  WMer  Salfiicesg^ 
when  its  diftance  from  the  North  Pole  will  be  47  deg.  24  min.  49  fee. . 

Hence  the  Longitude  and  Latitude  of  a  fixed  Star  being  given  >  its 
place  in  the  Heavens  at  any  Time  may  be  eafily  founds  and  thence 
ks  Right  Afcenfion  and  Declination,  by  the  2rf€<?/#  oPthe  preceding 

This  equable  ted  uniform  Motion  ot  the  fked^ars  inCircles  paap 
ralkl  to  tile  Ecliptic,  -mufi;  necedarily  by  Reafon  of  the  Inclination 
Off  the  Planes  of  the  Ecliptic  and  Equator,  caife  an  unequal  and  it- 
regular  Motion  of  the  fame  Star  with  regard  to  the  Equator ;  and- 
maft  necefTarily  caufe  an  unequal  Variation^  of  bothc Right  Afcenfioa 

.  apjb 
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and  Dcclinatidn  of  every  fixed  Scat,  and  confoqiiendy  of  t^(ame  Star 
at  different  periods  oi  Time,  and  therefore  AFirownners  to  render 
their  Catalogues  as  ready  for  tjfe  as  aiight  be,  were  wont  to  Calcu* 
late  the  Right  Afecnfioii  and  Declination   of  fome  of  the  Principle 
txxtd  Stars,  ar  the  diftance  of  50  or  109  Years  from  their  places  at 
that  Time,  and  by  fuppofing  the  Stars  that  lay  nearly  in  the  fame 
part  oi  the  Heavens  with  tbefe,  to  have  the  fame  Variation  of  Right 
Afceniion  and  Declination,  they  could  readily  pronounce  the  new 
Right  Afcenfion  and  Declination  of  any  of  the  Stars  in  their  Cata- 
logue, without  the  trouble  of  a  new  Calculation ;  but  this  Method 
4ifter  that  period  of  Time  requiring  a  new  Calculation,  and  in  die 
•mean  Time  rendering  it  fomething  difficult  and  troublefome  to  Per- 
sons not  well  skilled  in  thefe  Matters,  to  find  out  proper  Stars  to 
compare   the  fmall  Stars  wich,  and  at  the  beft  but  uncertain; 
•Mr.  plamfteed  whofe.utmoft  View  was  jto  render  every  thing  that  he 
undertook  as  eafy  and  ready  for  Ufe  as  might  be,,  and  whofe  happy 
Genius  always  rehder^d  his  good  Endeavours  fiiccefsful.  Contrived 
^nd  Calculated  Tables  to  (hew  tlie  Variation  o(  Declination  and 
Right  Afcenfion  of  every  point  cf  the  Heavens^  fuppofing  it  to  have 
^siltcred  one  Degree  of  Longitude^  and  has  to  every. fixed  Scar  in  hi% 
Catalogue,  added  the  Variation  of  Right  Afcenfion  and  Declinatioa 
•of  that  Star,  during  the  time  that  it  alters  its  Longitude  one  Degree, 
or  according  to  the  forementioned  Period  ot  one  Degree  in  72  Years, 
and  by  entering  the  fame  Table  after  tlie  Fxpiration  of  that  time, 
with  the  new  Longitude  and  the  fame  Latitude  of:  the  Star,  theVari* 
.ation  of  Right  Afcenfion  and  Declination  of  the  fame  Star  may  be  had 
for  the  next  72  Years,  whence  the  Right  Afcenfion  and  Declination 
of  .the  fame  Star  being  once  known  or  given,  its  Right  Afcenfion  for 
any  rime*  either  paft  or  to  come>  may  be  had  by  Infpe&ion  only, 
without  the  help  of  any  new  Calculation ;  which  Contrivance  of 
Mr  Flnmlieed^  together  with  the  great  Degree  of  Exa&nefs  to  which 
he  has  determined  the  Places  ok.  all  the  fixed  Stars  and  their  Num- 
ber»  has  rendered  bis  Catalogue  the  largeft,  exa&eft,   and  mod 
ofeful  Catalogue  that  the  World  ever  faw. 

And  altho'  the  Variations  of  the  Right  Afcenfion  and  Declination 
are  unequal,  yet  as  the  Stars  are  carried  about  the  Pole  of  the  Eclip- 
tic in  a  progrcffive  Motion,  the   Right  Afcenfion  of  every  Sur 
mufl  conftantly  increafe,  while  all  thofe  Stars  that  lye  between  Ca- 
fricorn  and  Cancer^  conftantly  approach  nearer  to  the  North  Pole, 
4uui  confequently  recced  farther  from  the^  South  Pole  s  as  on  the 

coo- 
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^ohtraty,  all  the  Stars  that  are  fcituated  between  Cancer  and  C*^r 
ecm^  continually  receed  from  the  North-  Pole  and  approach  ncare« 
to  the  South  Pole  ;  as  is  obvious  to  any  one  who  has  but  the  leaft' 
Idea  of  the  Heavens ;  whence  it  comes  to  pafs  that  tho'  the  Starr 
alway  retain  the  fame  Latitude,  yet  their  Declinations  conftantly 
vary,  and  a  Star  that  has  North  Declination  may  come  to  have  South 
Declination,  as  a  Star  that  is  on  the  Northern  Side  of  the  Equator, 
in  procefs  of  time  may  arrive  on  the  South  Side. 

Prob.    IL 

Given  the  ^lei:Idlonal  Altitude  of  an  unknown  Star  or  Planer,, 
and  ics  diftancefrora  a  known  Star,  to  find  the  unknown  Stars  Righr 
Afcenfion,  Declination,  Longitude  and  Latitude. 

Exampky 

At  the  Royal  OifefUMtory  zt  Greenwich,  on  the  nth  of  Fehuary^ 
in  the  Year  1690,  the  Meridian  Altitude  of  Regulus  or  the  Lyons 
Heart  (Allowance  being  made  for  the  Rcfraftion)  was  found  to  be 
fi  deg.  :58  min.  50  fee.  and  on  the  jtboi  Aprilinihc  Year  1682^ 
i^s  diftance  from  ArUuius  w4S  obfcrved  to.be  59  deg^  4^  min*  50* 
fee.  and  in  Antecedence.  I  demand  the  Right  Afcehfion,  Declina- 
tion,  CiTc  of  Kegulusy  the  Right  Afcenfion  of  Arliurus  in  the  Ycar» 
1 590,  being  210  deg.  ^2  min.  30  fee.  and  its  diftance  from  the. 
Northern  Pole. 69  deg.  11  min*  00  fee. 
.'  The  ca/icft  ConJiruSion.is  after  the  following  manner-. 

•  Confiruttion. 

I.  Draw  the  Meridian  Z  0  NH, 
the  I^orizpn  HO,  and  .at  Right- 
angles  to  It  the  Prime  Vertical  Z  N". 

a;  Setofifthe  Latitude  of  the  01- 
fervaiery  51  deg.  29  min.  joiec. 
from  0  to  P,  and  draw  die  Axis  PS, 
and  at  Right-angles  to  it  the  Equa- 
tor .<<  jg; 

3.  Set  off  SI  deg.  58  min.  50  fee 
the  Meridian  Altitude  of  Regulus  ^^ 


4 1  ^  .^j/liviWMfr^/^  fiH^&i^t. 

fee.  equal  to  the  4i(laiice  b^'ww^ii  tb^.tiwa  Staia 

4.  Aboiu  ttie  9o]^  Fd^fcribe  theSmaifcQrclc  «j%.  (by  tbefkme 
C^)  at'  the  difiaficc  of  AtSlmui  from  the  Btde^  equal  to  69  dt%, 
Kt^min.  aofec,  wh^r^-this  mterfe<^  the  fbrmet  Small  Ctide  in 
the  point  s  ^^  ^^^1  S^ve  the  place  of  ArSurm,  tbto'  vrliich  poim  and 

-  the  Poles  P  and  5,  if  a  Circle  of  Right  Afcenfion  P  *  5  be  drawn, 
the  thing  is  d<Mie ;  and  the  Angle  AP<^  the  difference  of  Right  Af- 

'  cenfion  between^  i{^«/;«  and  ArSlums,  may  bemeafared  by  Cafe  the 
aiof  Problem  the  totby  of  5!f /?/(?»  the  W  oiPart  the  4^,  and  die 
'Arch  ^  R  the  Dedication  of  Regulusy  in  this  Cafe  Norths  m^y  be 
meafured  by  the  Line  of  Chords. 

-Tie  Solutim  hy  CdfculoiiiH. 

I.  To  imd  the  Declination  of  the  Star,  or  its  diftance  from  the 

Ftomr  the  Meiddian  Altitude  H  R  edual  to  5 1  deg*  ;8  min.  50 
6c.  tukc'MAf  the  Complement  06  the  Latitude  of  the  Oi/^«uie^/, 
^mqjsaX  to^j'S  deg.  ^  i  min.  3afec«  che  Remainder  13  deg.  2r7miA.  20 
fee.  wJtt  be  the  Stars  Dedioation,  in  this  Cafe  North,  (becao(ecb< 
.  Stars  Mori^oat  Altitude  is  more  than  the  Complement  of  the  La- 
titude) and> this  taken  from  90  Degrees*  will  leave  ytfdeg.  32 min. 
^00  fee.  for  its  diflance  from  the  Pole.    Or, 

To  Z  R  the  Stars  Meridional  Zeni^Klif^mce,  equal  to  the- Com- 

•plementof  the  Meridiwal  Altitude,  equal  to  3S  degi  oi  mis;  folec. 

•add  ZP,  equal  to  the  Complement  of  the  Lai;itudc  of  the  Place, 

equal  to  38  deg.  ji  min.  30  fee.  the  Sum  7^  deg.  32  min.  40  fee 

.  -equal  to  RR,  iifrill  be  the  Stars  diitance  from  the  Pole,  the  faveas 

•before  fouwA-;  wiieoc»^  find  the.  Difierenjce  between  the  Rigfar 

Afcenfi(ma«  .  -      -  .    * 

In  ,llhe  OWqi|(t->^led  Spherical  Triangle  ii  P  «  are  givoit  RP 
176  dfg.  92  min.  40  lee*  thedilbnce  o(Re£ulus  from  the  Bcrie,  the 
Aixtt^^  6$,de^  miBMh  Mfec.  the  difiance  of  ^£^nir^  fiom  the 
Polc^  acid  K'^  ;(^  diig.  46  tain,  yo  fec^  the  conftant  diftance  between 
^che  two  Scars,  Arhepce  to  find  the  Angle  RP^^y  the  difiercoce  be* 
tweeihthe  Right  Aibeofion,  from  halfthe  Sum  of  the  three  Arches 
equat  to  M2  deg.  45  min*  i  j;  fee  take  the  conftant  diftance  between 
^the  two  Stars  orArch  R^,  59deg.  4tfmin*  5ofec  and  the  Rennaioder 
will  be  42  deg.  $8  min.  25  fee.  then  according  to  the  iit/r  C^i  of 
^UqurangM  Sfbnic^J  Triat^les^  To 
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To  the  Arith.  Comp.of  the  Sine  P r  equal  to  76.$  1.40  o  01 20878 
Add  the  Arich-  Comp.  of  the  Sine  of  P  «  69.1  i.oo—— 0.0293 1 74 
Alfo  the  Sine  of  the  half  Sum  102.4;.!$  9'9^9i^99 

And  the  Sine  of  the  Remainder  42.58.2$——-*-^— 9.8335687 

Half  the  Sum  of  thefis  four  Sines ■  19.8541238 

will  be  t heCo-fine  of  3 1 1 3  - 1  o  which  being  doubled    ^ 

will  give  52 .25. 2«  for ^     ■■  ■  ■9.9323519 

The  Difference  of  the  Right  Afccnfions  between  the  two  Srars 
or  Angle  r  P  * ;  this  therefore  being  fubftrafted  from  the  Right  Af- 
cenflon  oiArSiurus  %io  deg.  22  min.  30  fee.  bccaufe -4rf/«r»x  is  in 
confequcntia  of  ii^n/^x^  will  leave  147  dcg.  5  5  min.  10  fee- for  the 
Right  Afccnfion  of  the  LyQns  Heart- 

Wherefore  according  to  this  Calculation,  the  Right  Afcenfion  of 
Rtgulus'vci  the  Month  of  F^^r^arjf  in  the  Tear  1590,  is  147  deg. 
55  min.  10  fee.  and  its  diftance  from  the  North  Pole  75  deg.  3  2  min, 
40  fee.  and  after  the  lame  manner  may  the  Right  Afcenfion  of  any 
other  Star,  from  its  Meridional  Altitude  and  Diftance  from  a  known 
fixed  Star  be  found,  whence  the  Longitude  and  Latitude  may  be  iR* 
vcftigated  by  the  2^  Cafe  of  the  preceding  Protlem. 

Here  follow  a  few  Examples  to  Exercife  the  Learner. 

Example  i. 

On  the  lotb  ofFetruary  i6jS,  at  J7h.  25m.  at  thcOhfervatory  at 
Greemvicbj  the  diftance  between  ArElurus  and  the  Northermoft  of 
the  two  preceding  Stars  in  the  Square  of  the  Great  Bear  was  found 
to  be  ^3  deg.  48  min.  45  fee.  in  Antecedence,  and  on  the  i^th  of 
Feiruary  1590,  the  greateft  Meridian  Altitude  of  the  fame  Star  in 
the  Great  Bear  was  obferved  7^  ^tg-  03  min.  20  fee.  the  Star  thea 
appearing  to  the  Northward  of  the  Zenith,  at  which  time  the  Right 
Aicenfion  of  ABurus  was  210  deg.  22  min.  30  fee.  and  its  di- 
ftance from  the  North  Pole  69  dcg.  1 1  rain,  co  fee.  I  demand 
the  Right  Afcenfion,  Declination,  (Tc-  of  the  Scar  in  the  J?/irAofthe 
Great  Bear. 

Aufwer. 

The  Right  Afcenfion  is  i5i  deg.  02  min.  30  fee.  the  Declinati- 
on 53  deg.  25  min.  10 fee.  the  Longitude  I^«  10  deg.  49  min.  85 
fee.  the  Latitude  49  deg«  40  min.  of  Ice,  North* 

liiil  On 


Example  2-  ^         - 

On  the  9tb  of  March  irf88,  at  Greenwich^  the  diflance  between 
AtBurtis  4n<J  the  Tail  of  the  Lyon  was  found  byObfcrvation  to  be  3  5 
dcg.  n  miti.  40  fee.  the  Lpns  Tail  bemg  in  Antecedence  xoArEiurus^ 
and  on  tht  9th  ol  April  1690^  the  Meridian  Akitudc  pf  the  Ij^w/ 
"fail  was  determined  to  be  54  dcg.  49  min.  o  j  fee-  at  which  time 
the  Right  Afcenfion  of  Ar£lurus  was  210  deg.  21  min,  30  fee-  and 
its  diftance  from  the  North  Pole  69  deg.  ii  min.  00  fee-  I  demand 
the  Right  Afcenfion  and  Declination,  &c,  of  the  Lyons  'faiL  . 

Anfwer. 

The  Right  Afcenfion  fe  17  j  deg,  iSmjn.  10  fee.  the  Dedioati- 
,tt  73  deg.  42  miov    25:  fee-  Norths  the  Longitude  Firga  17  deg. 
jfP  min-  14  fee.  and  the  Latitude  la  deg.  16  min.  51  fee  North. 

Example  3- 

On  the  i7^Aof  Fehuary  1672.,  at  G/eenwicb,  the  diftancc  be- 
tween the  Southerraoft  of  tfc  two  preceding  Stars  in  the  Square  ol 
the  Gyfrt^  £^^r  and  ArEiurusy  was  found  to  be  51  deg.  33  min.  10 
fee  the  StzvArSlurus  being  in  Conleqjuencei  a^don  the  ifl  ofjufy 
1690,  the  Meridian  Altitude  ofArHurus  was  found  by  Obfcnra- 
tion  to  be  59  deg.  20  min.  30  fee.  at  which  time  the  Right  Af- 
cenfion of  the  preceding  Star  in  the  bears  Side  was  i6o  dcg.  42 
min.  30  fee.  and  ics  diflance  from  the  North  Pole  31  dec.  58  mm. 
qo.  fwc.  I  demand  the  Right  Afcenfion  and  peqlination  <dArBurus. 

Anjher 

The  Right  Afcenfion  of  ArShrus  is  210  dcg.  22  min.  30  fee-  its 
diftance  from  the  North  Pole  69  dcg.  1 1  min.  00  fee.  its  Loogiaide 
Lilra  ipdcg.  53  min*  5  2  fee.  and  its  Latitude  30  dcg.  5  7  min.  00 

fee,  Nortli, 

Example  4. 

^  On  the  9/*  of  March  16S  8,  the  diftance  between  the  Joync  of  the 
Southern  If^ing  of  the  Virgin  and  ArBurus  was  meafured  and  found 
tto-  be  39  deg.  42  min*  10  fee-  the  Star  m  t\\^  Virgins  Wing  being  in 
Antecedence,  and  on  the  ^pb  of  November  1690^  the  Meridian 
Altitude  of  the  Star  in  the  Virgins  Wing^zs  taken  and  found 
to  be  42  deg-  qi  min*  25  fec#  the  Right  AfcenfkiD  of  Arcluruj 

ax 
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AC  that  time  bcirtg  iio  dcg.  22  min.  30  fee.  and  its  diftance  from  the 
Northern  Pole  69  deg.  1 1  min.  00  fee.  I  demand  the  Right  Afccnfion, 
peclination,  &c.  of  the  Scar  in  the  Firgins  fVwg. 

Anfwer. 
The  Rig;ht  Afcenfiop  is  173  deg.  3  7  min.  10  fee.  the  Declinati- 
on 03  deg.  ^9  min.  55  fee-  North,  the  Longitude  in  Virgo  22  deg. 
4<  min.  14  fee.  and  Latitude  00  deg*  47  min.  47  lee. 

Example'  y. 

On  the  19th  oidB^ier  169%  at  Greemvicb,  the  diftance  between 
the  Left  Shoulder  of  Auriga  and  AlMmoHy  or  the  South  Eye  of  the 
Bull,  was  found  by  Obfervation  to  be  33  d^.  24  min.  30  fee  tjic 
BuUs  Eje  being  in  Antecedence,  and  on  the  fame  Night  the  Meri- 
dian Altitu|dc  of  the  Left  SHulder  of  Aurigs  was  found  to  be  83 
deg.  23  min'/  30  fee.  at  which  time  the  Right  Afcenfion  of  Aide- 
iaran  was  64  deg.  39  min.  08  fee.  and  its  diflance  from  the  North- 
ern Pole  74  deg.  10  min.  47  fee.  I  demand  the  Right  Afcenfion^ 
<^c.  of  the  Left  Shoulder  of  Auriga. 

Anfwer. 

The  Right  Afcenion  of  the  Left  Shoulder  of  Auriga  is  84  deg. 
2 1  min.  I J  fee  its  Decliiiation  44  d^.  52  min*  itf  fee- North,  its 
Longitude  i$  Gemim  25  deg.  42mtn>  12  fee.  and  its  Latitude 
iLi  deg%  at  min.  aofecNorth- 

Example  6. 

On  the  19th  of  OSioter  1697,  .^^  ^^^  ^^^^  Place,  the  diAance  be« 
tween  PoBux  and  the  fame  Star  in  the  Shoulder  of  Auriga^  was  found 
to  be  2(5  dcg.  59  ^in.  15  fee.  the  Left  Shoulder  of  Auriga  being  in 
Antecedence  of  PiOux^  and  the  fame  Evening  the  Meridian  Alcinide 
of  the  fame  Star  was  found  to  be  83  d^.  23^  min;  30  fee.  at  which 
time  the  Right  Afcenfion  cX  Pollux  v^s  iitAcg-  41  min.  28  fee. 
and  its  Declination  28  deg.  42  min.  55  fee  North.  I  demand  the 
Right  Afcenfion  and  DecIinati0A  of  the  Left  Shoulder  of  Auriga. 

The  Right  Afccrtfioa  is  84  dcg-  «i  aun.'  13;  fee.  its  IteclinatioB 
44  deg-  54  mib.  Idfcc.  North,  its  Longitude  -Gmmi  ajd^.  42 
min.  11  fee.  dXc  its  Latitude  it  deg.  ^S^min.  08  fee.  Korth. 

liiii  a  Prob. 


»-.^ 
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Prob.  III. 

The  Altitude  of  an  unknown  Star  or  Planet  taken  at  any  time, 
together  with  its  diftance  from  a  known  fixed  Star  being  given,  to 
find  the  Right  Afcenfion,  Declihation,  Longitude  and  Latitude  of 
the  unknown  Star  or  Planet. 

ExampU. 

In  the  Year  itf88>  on  the  ptho(  ^^arch,  at  ph.  11  min.  P.M 
the  Altitude  of  the  Star  in  the  Extremity  of  the  Left  fPsng  of  the 
Plrgin  was  found  to  be  3  5  dcg.  40  min.  25  fee.  and  at  the  fame  time 
her  diftance  from  ArEturus  was  meafured  39  deg.  42  min..  10  fee, 
in  Antecedence,  the  Right  Afcenfion  of  ArSiurus  at  that  time  being 
a  JO  deg.  21  min.  06  fee.  and  its  diftance  from  the  North  Pole  69 
deg,  10  min.  26  fee  I  demand  the  Latitude,  Longitude^  Right 
Afcenfion  and  Declination  ^of  the  Star  in  the  Joynt  of  the  Left  J^Kg 
of  the  Virgin. 

CosfiruSifon. 

The  Sun's  Right  Afcenfion  at  the  time  of  the  Obfervation  was 
00  h.  00  m.  43  fee.  this  taken  from  the  Right  Afcenfion  oi  ArSurus 
i4h.  01  m.  24  f.  will  leave  i4h  00  m.  4iT.forthe  time  of  the  Cul- 
mination of  .^rf?«y«/, . Irom  which  taking  away  ph.  12  m.  oof.  the 
time  given,  the  Remainder  4  h.  48  ra<  41  fee.  cquafto  72  deg-  10 
min.  1 5  fee.  will  be  the  Angle  Z  P  *,  or  difi'erencc  of  Right  Afcen- 
fion between  ArBurus  and  the  Mid  Heaven. 

Or, 
To  the  Sun's  Right  Afcenfion  00  h.  00  m.  43  fee.  add  the  given 
Holir  p hou*  1 2 ra« 00 f.  the  Sum  ph.  12 qi.  43 f.  will  give dbe Right 
Afcenfion  of  the  Mid-Heaven  which  taken  from  the  Right  Afcen- 
fion of  Arliurus  14  hou.  01  min«  24  fee.  will  leave  4h.  48  m.  41  {. 
equal  to  72  deg,  10  min-  15  fee  fortheDificrence.     Wherefore^ 

I.  Having  drawn  the  Meridian  ZONHt  the  Horizon  HO^ 
and  at  Right-angles  to  it  the  Prime  Vertical  Z  N,  fet  ofi*  the  Lad^ 
tude'  of  the  Place  5 1  deg.  289iin.  30  fee*  from  O  to  ?,  and  draw 
the  Axis  P  Sf  and  at  Right-angles  to  it  the  Equator  A  jg. 

a.  Thro'  the  Poles  P  and  S  draw  the  Circle  of  Right  Afcenfion 
Pft-S^  forming  an  Angle  of  72  deg*  lomin*  15  fee,  equal  to  the 
difiercnce  of  the  Right  Afcen(ion  oi  ArSturus  and  the  MSd-H$av€n 

I7 
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by  Cafe  the  id  ofProtUm  the  ptb  of 
SeBion  the  2  J  of  Part  the  4/*,  and 
layoff  tfpdeg.  lomin  26 fee.  the 
diftancc  of  ^rBurus  from  the  Pole, 
from  P  to^s  by  Cafe  the  -^doi Pro- 
blem the  6^^  ot  the  fame  SeUion^  then 
will  *  reprcfent  the  place  of  Ar£iurus. 

:?.  About  the  point  «tasa  Pole, 
dcfcribe  a  Small  Circle  at  the  dif- 
tancc between  the  two  Stars,  equal 
to  39  dcg  42  min.  10  fee.  by  Cafe 
the  ^d  of  Problem  the  4/A,  of  Sec-  ^ 
tion  the  id  o(Part  the  4/*,  and  about  the  point  Z  as  a  Pole,  de- 
icribe  a  Small  Circle  at  the  diftance  of  $6  deg.  19  min.  35  fee  the 
Complement  of  the  Altitude  of  the  unknown  Star,  by  the  id  Cafe oi 
the  fame  ^roblem^  where  thefe  two  Small  Circles  intcrfcft  as  in  3>  it 
will  give  the  place  of  the  unknown  Star,  and  the  Angle  P  f  *  the  dif- 
ference of  the  Right  Afcenfion  between  ArBurus  and  the  unknown 
Star,  may  be  mcafured  by  Cafe  the  3^  ot  Problem  the  lo^A,  of  5ipc- 
tion  the  id  of  Part  the  4^*,  and  the  Arch  P  ^  the  diftance  of  the  Star 
from  the  North  ?ole,  or  Complement  of  the  Declination,  may  be 
mcafured  by  Cafe  the  3^  of  Problem  the  7/ A  of  the  fame  SeSlion. 

Logarithmically y  or  by  Calculation. 

X.  In  the  Oblique-angled  Spherical  Triangle  Z  P  *  arc  given  ZP, 
equal  to  the  Complement  df  the  Latitude  of  the  Places,  equal  to  a 8 
deg  31  min.  30  fee  P  *  equal  to  the  diftancc  oi  ArSiurus  from 
the  Pole,  equal  to  69  dcg  10  min.  26  fee '  and  the  Angle  ZP* 
equal  to  7  deg.  10  min  15  fee  equal  to  the  difference  of  the 
Right  Afcenfion  between  ArElurus  and  the  Mid  Heaven  ;  whence  to 
find Jirft  Z  *  equil  to  the  Zenith  diftance  of  ArEhfus,  it  will  be  by 
the  10th  Cafe  o(  Oblique-angled  Spherical  Tri/MJSf/e/ (having  firft  con- 
ceived a  Perpendicular  to  be  let  fall  from  Z  upon  P  S,  and  which  is 
omitted  to  avoid  Confufion  ) 

AsR  :cs,ZP*:  :  t,  ZP:t,ofa4rAArch;  that  is. 

As  the  Radius ' . — = — -iq.qoooooo 

.948597^7 
9^9009941 

9.38^970* 


To  the  Co-fine  of  the  Difi'  o(RA  72.10  15  — 
So  is  the  Co-tangent  of  the  Latitude  5 1  38*30 

To  the  Tangent  of  a  4^*  Arch  1 3.41.5  8l 


mm 


Thi* 
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This  foutfh'Ar'ch  13  deg.  41  «u».  58  fee.  i,  taken  from  the  dl- 
ftance  oiArBumt  from  the  Pole,  ^9  deg.  lomia  26  fee.  will  leave 
5  c  dec.  48  «rin.  ^^  fee  i  tot  a  fifch  Arch.    Wherefore  again. 

As c s, 4^6 Arch :  C 5,5 *A Arch:  :  cs^PZ:  cs,«Z  ;  that  is. 
As  die  Co-fine  of  the  ^h  Arch  13. 4 1.5 8 1         '    '    ■ ^-9874^55 

To  the  Co-fine  of  the  $tb  Arch  5  5  *8  27^  — P  7  J  34 '  2  r 
So  is  the  Sine  of  the  Latitude  j  i.  2B.30  P-^P3  JPS'^ 

To  the  Co-fine  of  Z  «  the  Zenith  difiance  (Ja.yo^si — 9.559340; 

Again ,  to  find  the  Angle  Z  *  P,  It  will  be  by  the  latter  part  ot' 
the  9th  Cafe  oi  Oblique-angUd^  &c. 

As  the  8.  jr*  Arch :  S.  4»A :  :  t,<Z  i** :  t,  <  Z  *  Pj  that  k. 
As  the  Sine  of  the  jf*  Arch  55 .28.27! 9  9t5^^9^ 

To  the  Sine  of  ^e  4/A  Arch  1341.5.8I 9.3744419 

So  is  the  Tangent  of  Diff.of  Right Afcenfion  70.  i«.i  5  10.491648 


To  die  Tangent  ot  the  Angle  2  *?  4''47'^3|'  p>y5i25o6 

a.  In  the  Oblique-angled  Spherical  Triangle  Z  0  «  arc  given  Z  ■> 
the  Complement  of  the  Altitude  of  the  unknown  Star,  s^dcg.  19 
min.  a 5  fee.  /^  ^  the  diftance  of  the  two  Stars,  jp  deg-  4a  min. 
10  fee.  and  Z  "^  the  Zenith  difiance  of  ArHums  before  fouady  6x  deg 
50  min-  43  feci  whence  to  find  the  Angle  Z  *  P,  (by  C4/&  the  1  vh 
of  ObUque-^umglei  Spterkal  Triat^ks)  from  half  the  Sum  of  the  three 
Sidc^  equil  to  7J  deg*.  admin.  i4fec«t>  take  the  Zenith  diftance 
of  the  unkttev^h  Star  ^6  4eg.  19  min*  3  5  fec»  and  the  Remainder 
will  be  2}  deg.  06  min.  39  fee  jn  then. 

To  the  Arith.  Comp.  of  the  Sine  of  Act  39.42 -^lo  ^  ^i94^3  -^ 

JiddtheAtith.Comp.  of  theSineofZ  «  #2.$o*43j  — O«o5o7i84 

Alfo  the  Sine  of  die  half  Sum  79.25.1.41 — ■ \ 999^51^^ 

And  the  Sine  of  the  Remainder  23.05-391  '  9'19i *5  ^4 

Half  the  Sam  of  thcfe  four  Sines ' ■■ 19-8317808 

Will  be  theCo-fincof  54  31.4^  '  99158901 

Which 
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Which  being  doubled,  will  give  (Jp  dcg.  03  mm.  i^kc.  for  the 
Angle  Z  «  ^,  tin?  therefore  added  to  the  Angle  Z  ^  /^  before  founds 
eqaaLtK>  V  d«g.  47n^in'  13  fee*  1^  will  give  no  deg*  50  min.  5:$ 
fee.  f,  fop  the  Angle  P  tf  iS. 

J  Iti  the  ObUque-iaQgkd  Spherical  Triangle  P  ^?>zx^  given,  P  <^ 
the  4ifian^e  of -A^feytttf  from,  the  Pole  69/(\z^.  10  min,  iSicQ.  ^^ 
the  dtftance  between  the  two.  Stars,  39  deg.  42  min-  10  fee.  and 
the  Aagle  coniaincd  P  *'^  before  found,  ^qual  to  no  deg-  50  min- 
55  fee?,  whence  to  find  firft  the  Angle  .'^  P*,  the  Difference  of 
Right  Afcimfiosi  between  ArEtuxus  and  the  unknown  Star,  it  will  be 
by  the  9th  Cafisi  o(  ObUque-angkdy  &c-  having  firft  imagined  [a  Pcr- 
pcadicttlar  ke  £all  from.  /^  upon  P  «  produced- 

As  R  : c s^P*^  :  ityi^*ity6th  Arch  ;  that  is, 
AstheRa4ins •—- — : lo^ooooooo 

TotheCo-fiocof P«3  ixo.50554 9-55135^1 

So  is  the  Tangent  of  ^*  the  Dift.  ixc-  3p.42.10  —  9-9^9^339 

To  the  Tangent  of  a  5^*.Arch  16^27.^^^  ^ — —~- 9.470  j(5<Jo 

Thistff*  Arch  i^deg'  27  min*  45  fee.  f,  added  to'**  thedif- 
tance  of  Arthrus  from  the  Pole  69  deg-  10  min.  26  fee  will  give 
S5  deg.  38ix^in.  iiiec^lfor  afeventh  Arch,  whence  to  find  the 
Angle  ^  P  *»  it  will  be 

A  S.  Jib  Arch  :  S.  6th  Arch :  :  t,  ^  */»  ( :  t,  /^  P  *  ;  that  is. 
As  the  Sine  of  the  ^th  Arch  85>38.iif'       ■■    ■     ■ 9  99%ll9i^ 

To  the  Sine  of  the  6th  Arch  1 5-2 7.4 5!  ■      ■    p.4523810 

So  is  the  Tangent  of  the*  Angle  ^*P  iio.5o>5j4  • — ^io-4i9aj7p 


wv> 


To  the  Tang*  of  the  Dift  of  Right  Alcenfion  3<J,43-58f  9  8718995 


i*i» 


This  Angle  36  deg.  43  min.  58  fee*  ?,  taken  from  210  deg.  21 
min.  00  fee  the  Right  Afcenfton  of  Ariiurusy  becaufc  the  Star  is 
in  Antecedence  to  Jr^urusy  will  leave  173  deg-  37  min>  01  feci, 
for  the  Right  Afcenfion  of  the  unknown  Star. 

Again,  to  find  its  diftance  from  the  North  Pole,  it  will  be  by  the 
latter  part  of  the  loth  Qafe  of  Otlique  angled,  &c. 

As 
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As  cs,  of  the  6th  Arch  :  c  s,  jth  Arch  :  :  c  s,  P* :  c  s,  P  ^  ^  that  is 
As  the  Co-fine  of  the  tf^AArch  1^.27^45!    ■     ■  99818210 

^To  the  Co-fine  of  the  7^A  Arch  8j.38.11? 8.88i28j;i 

So  is  the  Co-fine  of  the  Arch  of  difUnce  39'42.io p.885i  344 



To  the  Co-fine  of  the  diirance  from  the  Pole  8<J.3e  i  8.785^025 


Whence  it  appears  that  the  Right  Afcenfion  offthe  Star  in  the 
Joynt  of  the  Left  Wing  of  the  Firiin  is  173  deg.  37  min.  01  fee.  and 
its  diftance  from  the  North  Pole  S6  deg.  30  min%  oafec.  andcon- 
•  fequently  its  Declination  is  3  deg.  29  miru  58  fee.  North. 

Tlic  Right  Afcenfion  and  Declination  being  thus  obtained,  the 
Longitude  and  Latitude  may  be  found  by  the  ifi  Proh.  of  this  SeBicn- 

It  inftead  of  the  Hour  of  the  Night  the  Altitude  o£  ArBurus 
had  been  given,  then  in  the  Oblique-angled  Spherical  Triangle  2  p  < 
are  given  Z  P  the  Complement  of  the  Latitude  of  the  Place  5 1  dee. 
28  min.  50  fee.  the  Complement  of  the  Declination,  or  diftaccc 
from  the  Pole  of  ArElurm  69  deg*  10  min.  20  fee.  and  Z  «  the 
Complement  of  the  Altitude  of  i^rf?»r«/  27  deg.  09  min.  i6kc'i 
before  found ;  whence  by  the  11  th  Cafe  of  Oblique-angled  Sfhericai 
Uriangfesy  the  Angle  P  *  Z  will  be  found  to  be  41  deg»  47  min.  2  j 
fec.f.     And  again. 

In  the  Oblique-angled  Spherical  Triangle  Z  3 «  arc  given,  2  * 
the  Complement  of  the  Altitude  of  ArBurus,    27  deg.  09  min.  16 
feci,  Z  ^  the  Complement  of  the  Altitude  ^f  the  unknown  Star, 
3  3  deg.  40  min.  2 5^ fee.  and  the  Arch*/^^  the  diftance  between  the 
two  Stars  39  deg.  42  min.  10  fee-  whence  by  the  titb  Cafe  of  0- 
ilique-angled  Spherical  Triangles  the  Angle  Z  *^  will  be  found  to  be  6^^ 
deg.  03  min.  3  2  fee  which  being  added  to  the  Angle  P-^  Z  before 
found,   will  give  no  deg.    50  min.  55  fec.f,  for  the  Angle  P 
Laftly,  in  the  Triangle  P  ^fi  are  given,  P  ^  the  diftance  otArBur:ii 
from  the  North  Pole  69  deg.  lo  min.  26  fee  the  Arch  fi  ^  the  cor.- 
ftant  diftance  between  the  two  Stars^,  and  the  contained  Angle  P    ^ 
before  found    no  deg.  30  min.  55  fee  |,  whence  by  the  lothCdh 
ofOiliquey  &c.  the  Arch  P  fi  theiliftance  of  the  unknown  Siar  fro:: 
the  North  Pole,  will  be  found  to  be  85  deg.  30  min.  02  fee  and  t 
the  9th  Cafe  of  the  fame,  the  Angle  ^  P  *  the  Difference  between  tl: 
1R.ight  Afcenfion  of  ArBurus  and  the  unknown  Star  will  be  foun 


Li. 
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bc'jtfdeg.  43  min-  58  fee  f,  this  therefore  .taken  from  the  Right 
/i  fcenfion  of  ArSiurni  2 1  o  dcg.  2 1  min .  00  fee  becaufc  AyEIuyus 
is  in  Confequencc  of  the  unknown  Star,  will  leave  173;  dcg.  37  min. 
01  fee.  for  the  unknown  Stars  Right  Afccnfion,  whence  the  Longi- 
tude and  Latitude  may  be  inveftigated  b>%the  firft  Problem 

Example  2. 

In  the  Year  1682,  on  the  7/A  ofAfrily  at  9  h.  41  m.  00  fee.  at 
Greenwich^  the  Altitude  of  the  Lyons  Heart  was  found  by  Oblcrva- 
cion  to  be  45  deg.  40  min.  55  fee.  its  diftance  at  that  time  from 
jtrUurns  being  59  deg-  46  min.  oofec-  in  Antecedence,  now  the  Right 
Afccnfion  of  Aiclurus  at  that  time  being  2 10  deg.  16  min.  54 
fee.  and  its  diftance  from  the  North  Pole  69  deg.  08  min-  43  fee. 
I  demand  the  Latitude,  Loni^itude,  Right  Afcenfion  and  Declina- 
tion of  the  Lyon's  Heart  Regulus. 

Anfwer: 

The  Right  Afcenfion  of  the  Lyons  Heart  Regulus  at  that  time  was 
I  Andes.  44  min.  43  fee  its  Declination  if  deg.  31  min.  41  kc. 
North,  its  Place  was  in  Leo  25  deg.  24  rain.  40  fee.  and  its  Lati- 
tude  00  dcg.  26  min.  38  kc  North. 

Example  3, 

At  ph,  4^  m.  oof.  on  the  7^ A  of  April,  in  the  Tear  1682,  the 
Altitude  of  the  Lyons  7  ail  was  toimd  by  Observation  to  be  54  deg. 
5*1  min.  35  fee.  its  diftance  from  Ar^ur us  being  35  deg.  21  min. 
40  fee  in  Antecedence,  the  Right 'Afcenfion  oi  ArElurus  at  that 
time  being  2  ro  deg»  16  min;  54  fee.  and  its  diftance  from  the  Nor- 
thern Pole  69  deg.  08  min.  43  fee.  I  demand  the  Right  Afcenfion 
Declination,  &c.  of  the  Star  in  the  I)w's  T/i//- 

Anfwer- 

The  Right  Afcenfion  is  173  deg.  11  min.  58  fee.  its  diftance 
from  the  North  Pole  73  deg.  39  min.  47  fee  and  confequently  its 
Declination  is  16  deg.  20  min.  13  fee.  North,  its  Place  is  in  Vwio 
17  deg.  II  ipin-  34  fee.  and  its  Latitude  12  deg.  16  mm.  51  fee. 

North,  -  ^         ,  ' 

Example  4. 

In  the  fame  Year  on  the  fame  Day,  and  at  the  fame  Place,  at 
oh,  27  m.  oof.  the  Altitude  of  the  middlemoft  Star  of  the  thiee 
^       ^^  Kkkkk  in 


44  i  Ajfrommical  Troblems. 

n  the  Heck  of  the  Lyon^  was  fbimd  to  be  $6  deg.  13  min.  00  fee 
and  its  diftance  from  AtBmtus  5jr  deg.  ipmin.  35  fee  in  Antece- 
dence, nowtbe  Right  Afcenfion  oiArSiuruj  being  210  deg-  16  min. 
54  fee*  and  its  diftance  from  the  North  Pole  69  deg-  08  min-  43  fee. 
I  demand  the  Right  Afcenfion,  Declination,  (Xc.  of  the  unknown 
or  middlemoft  of  the  three  Stars  in  the  Heck  of  the  Lyon. 

Afifvier* 

*  The  Rtght  Afcenfion  is  150  deg.  35  min.  14  fee.  its  diftaace 
from  the  North  Pole  68  deg.  34  min.  3;  fee-  and  confcqueotly  iti 
Declination  is  21  deg-  25  min.  25  Ac.  North,  its  Place  is  in  Leo  1$ 
deg.  08  min.  25  fee  and  its  Latitude  8  deg.  47  min.  27  kc  Norrb. 

Example  5. 

In  the  Year  1678,  on  the  lotb  of  Fehuary^  at  17  h«  44  m.  die 
Altitude  of  the  Southermoft  of  the  two  preceding  Stars  in  the  Sjunre 
of  the  Great  Sear  was  found  to  be  45  deg.  ;tf  min.  20  fee-  and  its 
diftance  from  ArElurus  5  i  deg.  3  3  min-  lo  fee-  in  Antecedence,  nour 
the  Right  Afcenfion  of  ArEiurus  at  that  time  being  210  deg.  14  min. 
ctf  fee.  and  its  diftance  from  the  North  Pole  69  deg.  07  min.  34  fee 
I  demand  the  Right  Afcenfion,  Declination,  &c*  of  thcfuppofcd 
unknown,  or  Southermoft  of  the  two  preced[ing  Stars  in  the  Squan 
of  the  Great  Bear. 

Anfixer. 

The  Right  Afcenfion  is  160  deg.  3 1  min.  13  fee*  its  diftance  from 
the  North  Pole  31  deg.  54  min.  14  fee.  and  confequently  its  De- 
clination is  58  deg  05  min.  46  fee.  its  Place  is  in  Lfs  14  deg. 
54  min.  %i  fee  and  its  Latitude  45  deg.  06  min.  16  fee-  Nordi. 

Example  6- 

In  the  fame  Year  on  the  fame  Day,  and  at  the  fame  Pla^,  at 
17  b.  34  m.  the  Alcitude  of  the  Star  in  the  Root  of  the  Great  Bears 
Iq/l^  was  found  to  be  57  deg.  20  min.  35  fee.  and  its  diftance  fix>m 
Arliurus  43  deg.  4^  min-  50  fee  now  the  Right  Afcenfion  ofArfh- 
rus  at  that  time  being  210  deg.  14  min.  06  fee.  and  its  diftance 
from  the  North  Pole  69  deg.  07  mia  34  fee.  I  demand  the  Right 
Afcenfion,  Declination,  &c.  of  the  Star  in  the  Root  of  the  Gnat 
Bears  Tail. 
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t«  Right  Afccnfion  is  lypdcg.  yomin.  yofcc  its  diftancc  from 
the  North  Pole,  is  jz  deg.  op  min.  i6kc.  and  confequently  its 
Declination  is  58  deg.  yo  min.  44  fee.  North,  its  Place  is' in  U9 
itf  deg  }omin.  40  Tec.  and  its  Northern  Lmtnde  51  deg  39  min. 
3^  fee. 

•  Prob.  IV. 

• 

Given  the  Longitude  and  Latitude  of  two  fixed  Stars,  together 
with  the  dillance  of  a  third  fixed  Star  or  Planet,  fi-om  each  of  them 
to  find  out  the  Longitude  and  Latitude  of  that  fixed  Star  or  Planer 

^'    Example* 

On  the  lOth  oiPehuary,  i6j%,  at  17  fa.  44  m.  at  the  Royal  Oi- 
fervatory  at  Greenwich,  the  diftance  between  jfrSlurus  and  the  South- 
crmoft  of  the  two  preceding  Stars  in  the  Square  ot  the  Great  Bear, 
(commonly  tailed  the  Guards  or  Pointers)  was  mcafured  by  a  large 
StxtoMt,  and  found  to  be  51  deg.  33  min.  10  fee.  and  on  the  ^tb 
of Afril  1682,  at  ph.  41m.  the  diftance  of  ArEiurus  from  the 
Lyon  s  Heart  ReguluswsLs  mcafured  by  the  fame  Inftrument  and  found 
to  be  59  deg.  4^  min.  00  fee.  now  the  Lyons  Heart  being  in  Leo  2$ 
deg.  24 min.  40  fee.  and  having  00  deg.  26  min.  38  North  Lati- 
tude, at  the  time  of  the  laft  Obiervation,  and  the  Southermoft  of 
the  two  preceding  Stars  in  the  Square  of  the  Great  Bear  being  at  the 
fame  time  in  Leo  14  deg.  57  min.  32  fee  and  having  45  dtg-  06 
min.  16  fee.  North  Latitude.  I  demand  the  Longitude  and  Lati- 
tude of  ArSurut' 

7be^&€rei^(fhic  Solution  ufon  the  Plane  of  the  Solfiitial  Colure^ 

X.  iflaving  drawn  the  Solftitial 
Colurc  P  SLSAy  the  Equator  A  Qj, 
and  at  Right-angles  to  it  the  Equi- 
tiodial  Colurc  P  ^  fctoflf  the  O- 
bliquity  ef  the  Ecliptic  23  deg.  29 
min.  00  fee.  from  A  to  ®,  or  from 
Q^  to  yfj  and  draw  the  Ecliptic 
«  V,  and  at  Right-angles   to   it 

its  Axis  '^  ^. 


2.  Thro'  the  Poles  of  the  Ecliptic 
9-  and  4r,  draw  the  Great  Circle  ^  fi  <r, 

Kkkkk  % 


form- 
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forming  an  Angle  with  the  Solfliiial Coliirc  of  44 dcg.  570310  30 
fee  equal  to  the  Difference  of  Longitude  between  the  Solftinal  point 
^,  and  the  Southermoft  ot  the  two  preceding  Stars  in  the  Square  of 
the  Grent  Bear^  by  Cafe  the  .3//  of  Problem  the  pfA,  of  SeEiion  the  id 
of  Pan  the  ^th^  and  lay  off  upon  it  from  ^  to  ^  44  deg.  53  min,  44 
kc.  the  Complement  of  the  Latitude  of  the  fame  Star,  by  Cafe  the 
2doi  Problew  the  5th  of  the  fame  &^/o«,  then  wilM  reprcfent  the 
Place  of  this  Star  in  this  Projedtion  5  alfo  thro'  the  fame  Poles  ^and 
<r,   draw  the  Great  Circle  '^  y  <^y  forming  an  Angle  with  the  Sol- 
Aitial  Colure  of  55  deg.  24  min.  40  fee.  equal  to  the  Difference  ot 
Longitude,  or  Angle  which  the  Circle  of  Longitude  paffing  thro'  the 
Lyons  Heart  ReguluSy  forms  with  the  Solftitial  Colure,  by  Cafe  the 
id  oi  Pvob.  the  prA,  oi  SeElionlh^  id  oiPart  the  4/A,  and  lay  off  up- 
on it  fiom  ^  to  y*^  85  deg.  33  min.  22  fee.  the  Complement  of  the 
Latitude  of  Regulnsj  by  Caf£  the  3  J  of  Problem  the  6thy  of  the  feme 
SeBion^  then  will  y  reprefent  the  Place  of  the  Lyons  Heart  in  this 

Projeftion. 

3.  About  the  point  ^  draw  a  SirialtCircle  at  the  diftance  of  y  ideg. 
3  3min-  vo  fee  equal  to  the  diftance  between  theSouthein  of  the  tw^o 
preceding  Stars  in  the  Square  of  the  Great  Bear,  by  Cafe  the  jd  of 
Problem  the  4/A,  of  Sefiion  the  id  of  Part  the  4/A  5  alfo  about  the  poiric 
>,  draw  a  Small  Circle  at  the  diftance  of  59  deg.  46  min.  00  fee. 
equal  to  the  diftance  between  the  Lyons  Heart  and  ArEinrusy  by  the 
fame  Cafe^  and  where  thefe  two  Small  Circles  interfecl  each  other  as 
in  the  point  ^,  it  will  give  the  ^Xa^ctof  ArEiurus  in  this  Projedion, 
thro'  which  point  and  the  Poles  ot  the  Ecliptic  ^  and  <^,  if  the 
Great  Circle  ^^^  ht  drawn,  by  the  ifi  Problem  ofSeEiionthc  id  of 
Part  the  4//i,  the  thing  is  done  ;  and  the  Angle  ^  ^*  the  Difference 
of  Longitude  between  the  Solftitial  point  ^  aiid  ArEiurus,  may  be 
meafurcd  by  Cafe  the  ^d  of  Problem  the  10th,  of  SeElion  the  id  oi  Part 
the  4/ A,  and  the  Arch  -^^j  thedifl:ance  ol  -4r£?«r«x  from  the  North 
Pole  of  the  Ecliptic,  or  Complement  of  its  Latitude,  may  be  meafu- 
rcd by  Cafe  the  id  of  Problem  the  ^th  of  the  fame  SeElioU' 

Logarithmically y  or  by  Calculation^ 

Becaufe  the  Lyons  Heart  is  in  Confequence  of  the  Southermoft  of 
the  two  preceding  Stars  in  the  Square  of  the  Great  Bear,  from  the 
Place  of  Regulus  ^>  25  dcg.  24  min.  40  kc.  take  the  Place  of  the 
Southermoft  of  the  two  preceding  Stars  in  the  Square  of  the  Grta: 
liearEl^  1 4  deg.  J7  min.  3 2  fee-  and  the  Refiduc  10  dcg.  ly.min. 

08  fee 
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08  fee.  equal  to  the  Dificrcncc  of  Longitude  between  the  two  known 
Scars,  willi>c  equal  to  the  Angle  in  the  Figure  /^  ^3^,  wherefore  iiv 
the  Oblique-angled  Spherical  Triangle  ^'^y  are  given,  ^^^  44  deg. 
S  3  min.  44  fee.  the  Complement  of  the  Latitude  of  the  Southermoft 
of  the  two  preceding  Stars  in  the  Square  of  the  Great  Bearjy^  8p 
dcg.  3}  rain,  aa  {tc^  equal  to  the  Complement  of  the  Latitude  of 
Regulus,  and  the  Angle  fi^y  10  deg-  27  min-  08  fee  equal  to  the 
Diflfercnce  of  Longitude  between  the  two  Stars,  whence  to  find  17?, 
^  y^  the  diftancc  between  the  two  known  Stars,  it  will  be  by  the 
loth  Cafe  oi  Oblique  angled,  &c.  having  firft  imagined  a  Perpendi- 
cular to  fall  from  the  point  -^  upon  the  Side  ^^y- 

As  R :  c  s,  </3^  >  :  :  t, /3 ^  :  r,  oi  a  4//^  Arch  ;  that  is- 
As  the  Radius lo.ooooooo 

To  the  Co-fine  of  the  Dift'.  of  Longit.  ^7y  10.27.08 — 9  99^7iS^ 
So  is  tha Co-tang*  of  the  Lat.  of  the  Star  ^  45.05.1d—  9-9584165 

To  the  Tangent  of  a  4rA  Arch  4424.  j8|  >■  -  9  991^^97  ' 

Which  fourth  Arch  44  deg.  24  min.  58  fee  |,  taken  from  the 
Complement  of  the  Latitude  of  the  Star  Regulus^  equal  to  89  deg. 
3  3  min   2  2  fee.  will  leave  45  deg.  08  min.  23  fee  t  for  a  fifth  Arch 

And  again, . 
Asc  s,  4/A  Arch:  cs,  5/^  Arch  :  :cs,  ^-tt  :cs,/^>5  that  is, 
As  the  Co-fine  of  the 4^A  arch  44  24.58^ ^ — 9. 853 86 jo 

To  the  Co-fine  of  the  5^Aarch  45.o8,23i 9  8484222 

So  is  the  Sine  of  the  Laititude  of  the  Star  /3  45*06. id — 9.8502752 

Tojthe  c  s,  of  the]dift.  betw.  the  2  Stars  fi  y  45.3 6.26^  9.8448324 


■*» 


And  again  for  the  Angle  ^y^y  it  will  be  by  the  latter  part  of 
the  9th  Cafe  of  Oblique-angled  Spherical  "triangles. 

As  the  S.  ^tb  arch  :  S.  4/A  arch :  :  t, <. /3  x >  ..  t,  <3  >^  ^ ;  that  is, 
As  the  Sine  of  the  nfth  arch  4508,23,' 9.85g542; 

To  the  Sine  of  the  fourth  arch  44.24.58*' 9.84501 50 

So  is  the  Tangent  of  the  Angle  ^^>  10  27.08  ■■       —  9.2659414 

To  the  Tangent  of  the  Angle  fiy^  10.19,22  »  ^,26041 3  9 

2.  In 


■     .  _ 

i.  In  the  Oblique-angled  Spherical  Triangle  fiy^  are,givcn,  4  *, 
'  equal  to  5 1  dcg.  3  j  min-  10  fer»  the  diftancc  between  the  Souther^ 
moft  of  the  two  preceding  Stars  in  the  Square  of  t:ie  Great'JSear  ard 
ArctuYUSj  ^y,  the  diftance  between^rS«r«x  and  the  Star  in  thc£)T»*s 
Heart  Regulus^  equal  to  59  deg-  4tfniin.  00  fee  and  ^>,  tfac  dif- 
tance between  kegulus  and  the  Southermoft  of  the  two  preceding 
Stars  in  the  Square  of  the  Great  Bear  5  whetice  to  find  die  Angle 
^  >  *,  by  the   i  ith  Cafe  of  Oblique-angled  Spherical  IrioMgles^  from 
78  deg.  27  mini  48  fee.  half  ot  the  Sum  i;<$deg.  55min*  16  kc. 
of  the  three  Sides,  take  ^«,  the  diftance  between  the  Southensoi^ 
of  the  two  Stars  in  the  Great  Bear  and  Ar£lurusj  yi  deg.  jj  min. 
JO  fee.  and  the  Remainder  will  be  26  deg.  54  min-  30  fee.    Then, 
To  the  Arith.  Comp.  of  the  Sine  of  *  >  jp  46.00  '—  —*•  o  0*^45^53 
Add  the  Arth.  Comp-  of  the  Sine  of /a>'  ^%,^.26  — — o  145960J 
Alfo  the  Sine  of  the  half  Sum  78.27  48  —  9,99iii^o 

And  the  Sine  ot  the  Remainder  atf  54.38— —•  -—  ^-^557x55 

Half  the  Sum  of  thefe  four  Sines ■     ■       ■■19-855305 1 

Will  be  the  Cb-finc-of  3i>03'.234         < -  ■        -9.928152^ 

Which  bcfng  doubled,  ^\\\  give  69  deg.  o?  min.  32  fee  for  the 
Angle  ^y'^i  from  which  therefore  taking  the  Angle  fiy  *  before 
founds  equal  to  10  deg*  19  min-  22  fee*  i>  the  Remainder  will  give 
53  d^g*  47niin.  24  fee  for  the  Angle  ^^y^. 

3.  In  the  Oblique-angled  Spherical  Triangle  ^V*  arc  given,  ^^, 
the  diftance  odhcLyms  Heart  Regulus  from  the  Pole  of  the  Eclipnc 
"5^,  or  Complement  of  its  Latitude  89  dcg.  33  min.  32  fee-  >«  the 
diftance  between  the  Lpns  Heart  and  ArSlurus  59  d^.  4^  min*  ca 
fee.  and  the  contained  Angle  ^>  «  before  found  equal  to  53  deg- 
I,  47  min-  l4fec.  whence  to  find  the  Angle  >^^,  or  the  Dittrcncc 
of  Longitude  becween  the  Lyor^s  Heart  and  ArUtirus^  it  will  be  by 
the  gth  Cafe  of  Oblique-angled^  &c-  having  firft  imagined  a  Peipen- 
dicular  let  fall  from  <^  upon  the  Arch  or  Side  '^  R* 

As  R  :  cs,<.'»">'*  :  :  r,  ><  :  t,  of  a  6tb  Arch ;  tbatisi 

Aisthe  Radius  —  lo.ooooooo 

To  the  Co-fine  of  the  Angle  ^>*  53  •47-^4 -—9.77 140 12 

So  is  the  Tangent  y  *  the  diftance  &€*  59  45.00  —  10:2344857 
To  the  Tangent  of  a  6ti  arch  45.23.18^  10^005*8^^? 

Thif 
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This  fixth  arch  45  dcg.  a  3  min-  18  fec.f,  fubftraftcd  from  ^>, 
the  Complement  of  the  Latitude  of  the  Lyons  Hearty  equal  to  8p  deg' 
3  3  min*  ai  fee  will  give  44deg  10  min-  03  fee  ,',  for  a  71A  arch, 
whence  to  find  the  Angle  o^  '^  ^^^  it  will  bcj 

As  S.  lib  arch :  S.  6th  arch  *  t,<C^  >  <* :  t,  <y  ^  * ;  that  is^ 
As  the  Sine  of  the  ^th  arch  44.10.03f ^    .>—  -.... —  9.8430833 

To  the  Sine  of  the  6tb  Arch  45.^3 .  i8f  ■'       -p^S 524097 

Soisthe  Tangent  of  the  <C'^  y*  5  3-47*24— —.—10.13  53^55 

To  the  Tangent  of  the  <>»•*  54,22.29 ^ 10.1447210 

This  Angle  T'  ^  *  54  deg.  22  min.  29  fee.  or  the  arch  of  the  Eclip- 
tic ^y^  added  to  the  Place  of  the  ijFoiis /fe/irf  Le^  25  deg-  24  min. 
40  fee  bccsLufcArdurus  is  in  Confequence  of  Regulus  will  give  Libra 
29  deg,  47  min.  09  fee.  for  the  Place  of  ArBurus  at  the  time  of 
the  laft  Obfervation. 

Again,  to  fiad  ^  *,  its  diftance  from  the  Pole  of  the  Ecliptic  'Jr^ 
or  Complement  of  its  Latitude^  it  will  be  by  the  latter  part  of  the 
^tb  Caff  o(  Oblique,  &c. 

As cs, 5/* arch  :  cs,7/i& arch:  : c  s,  y^«  :  c  s,^ «;  that  is. 
As  the  Co-fine  of  the  6tb  arch  45*23. 18^'     .    ■  ■ 9. 84(^5 205 

To  the  Co-fine  of  the  ytb  arch  44.10.03f -^ • 9855703  5 

So  is  the  Confine  of  the  diftance  y  *  59.45  oo  — — 9.7020190 

To  the  Sme  of  Latitude  3055.582  •■  '97112020 


4»«i 


Whence  it  appears,  that  at  the  time  of  the  laft  Obfervation,  which 
was  in  jifril  16829  that  the  Sur  ArUurmmaiS  in  Libra  19  deg.  47 
min.  09  fee.  having  30  deg.  55  min.  5  8  fee -^a  North  Latitude- 

The  Longitude  and  Latitude  being  thus  obtained,  the  Right  Af-. 
cenfion  and  Declination  may  be  found  by  the  id  Cafiof  the  ift  Pr<^ 
blem. 

In  the   firft  Triangle  ^"^y,   where  the  two  Sides  is^,  ^wy^ 

and  the  contained  Angle  fi'^y  are  given,  if  inftead  of  the  Angle 

^  >  '^;  the  Angle  "^  fiy  had  been  found,  and  in  the  fecond  Triangle 

^"^y^  where  the  thiee  Sides  ^  «^9  f^y^  and>«^  aregiyen,  if  inftead 

of 
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of  the  Angle  3  >  *  the  Angle  ^37  had  been  found,  then,  the  Dif.^ 
rence  of  the  Angles  ^.^^  and  ^3>  would  have  been  the  An:^'e<. 
'^  p  ^',  and  confequentiy  in  the  third  Triangle  '^  i^  *,  there  would  h]i\  i 
been  given  the  two  Sides  ^3,  and  3*;  and  the  contained  A  ::\: 
T  p  cf,  whence  the  Side  ^^  the  diftance  oi  ArBurus  from  the  Norrr 
Pole  of  the  Ecliptic  might  have  bec^i  found,  by  the  lOth  Caft  c: 
Olliqney  &c.  and  the  Angle  3  ^  *,  the  Diflerence  of  Longitude  be- 
tween the  Star  3  and  j4r  cimus,  hy  the  pth  Cafe  of  the  fame,  an  J 
being  added  to  the  Longitude  of  the  Star  fi,  becaufe  the  Star  ^  is 
Antecedent  to  ^,  will  gire  the  Place  of  «  in  the  Eclipticj  or  itb  Lo.:- 
gitude  from  the  firft  point  of  Aries. 

Example  1. 
Let  us  now  fuppofe  the  Southermoft  of  the  two  prccedi^.g  Stars 
in  the  Square  of  the  Great  Bear  to  be  the  third  unknown  Star,  whofc 
diftance  from  AyBuyus  is  51  dtg.  33  min  10  kc.  (Arctu.:.; 
being  in  L/^r^  ip  deg.  47  min.  9  fee  and  having  jodeg.  57011:: 
GO  fee.  North  Latitude)  and  from  the  Ivor's  Heart  Regulus  45  c:; 
3^  min.  25  fee-  /?(?^/////j  being  in  Z^o  ijdeg.  24  min.  40  fee-  andh- 
ving  00  deg.  25  min.  38  fee.  North  Latitude,  and  let  it  be  required 
to  find  the  Longitude  and  Latitude  of  the  unknown  Star  in  :rc 
Square  of  the  Great  Bear. 

1.  In  the  Oblique-angled  Spherical  Triangle  T^'^^arc  gi\'cn,  "^"y, 
equal  to  jBpdeg.  33  min.  22  fee-  and  ^rct  jp  Jeg.  03  min-  ocfcc. 
the  diftances  oi  Regulus  and  Arcturus  from  the  North  Pole  of  the  E- 
clipiic,  and  the  contained  Angle  >'^«  54  deg.  22  min  3 2 lee.  tic 
Difference  of  Longirude  between  Regulus  a«d  ArEiurus^  whence  by 
the  loth  Cafe  oi  Oblique- angled^  &c.  the  Arch  y  *,  the  diftance  be- 
tween/^r^///«j  ^nd  ArBurus  will  be  found  to  be  59  deg,  A^n^in. 
00  fee.  and  by  the  9th  Cafe  of  the  fame,  the  Angle  -^y^  will  be  feu:  c 
to  be  ^3  deg.  47  min    24  (ec 

2 .  In  the  Oblique  angled  Spherical  Triangle  /^  *  7  are  given,  '  * 
5 1  deg.  33  min-  10  fee  /^  y  45  deg  35  m-  25  f-  ^nd  y  «  59  de?.  y 
min.  ocfec.  the  mutual  diftances  between  the  three  fixed  Srars,wr.cnci 
by  the  uthCafe  ofOtlique-af^gled,  8cc-  the  Angle  ^  >*  will  bcfotr.A. 
to  be  ^4  deg,  06  min.  46  fee.  from  which  taking  away  the  Anc  - 
•^  >  ^j  53  ^^S'  47  ^^"-  24  ^^^'  before  found,  there  will  remain  t: : 
Angle  '-''>'  ^  10  deg.  ip  min.  22  fee. 

3.  In  the  Oblique-angled  Spherical  Triangle  y  '^'^  are  given,  ^^ 
89  deg.  33  min.  22  fee.  the  Complement  of  the  Latitude  of  i?f;; 
and  >)^  45  deg   3 (5  min.  25  fee*  its  diftance  from  the  unknown  i>:^ « 


^' 
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together  with  the  contained  Angle  ^y^  lodeg.  ipmin.  «  fee 
whence  by  the  lOtbCafe  of  OHique-msgled,  fire*  the  Side  '^^^  the 
Complement  of  the  unknown  Stars  Latitnde,  will  be  found  to  be 
44  dcg.  53  min.  44  fee-  and  by  the  9th  Cafe  of  the  fame,  the  An- 
gle ^'^y  the  Difierenee  of  Longitude  between  Rigulus  and  the  un- 
known Star^  lodeg.  lymin.  08  fee.  this  therefore  fubftra&ed  from 
the  Place  of  Reguhsy  Leo  aj  deg.  24  min.  40  fee.  (becaufe  the  un- 
known Star  is  Antecedent  to  Regulus^  will  leave  Z>a  14  deg«  ^7  min. 
3  2  fee.  for  the  Place  of  the  unknown  Star,  or  Southermoft  of  the 
two  preceding  Stars  in  the  Square  of  the  Greai  Bear. 

Example  3. 

Let  us  now  fuppofe  theI;o»^s  Heart  to  be  the  third  unknown  Star; 
whofe  diftance  trom  the  Southermoft  of  the  two  preceding  Stars  in 
the  Square  oit\\tGreat  Bear  is  45  deg.  .35  min.  2  j  fee.  (the  Star  in 
the  Great  Bear  being  in  Z>o  14  deg.  57  mia  3  2  fee  and  having  4s 
deg.  06  min.  16  fee.  North  Latitude)  and  from  ArSlurus  to  be  59 
deg-  4dmin-  00  fee*  ArSiurus  being  in  Uha  19  deg.  47  rain*  09 
fee.  and  having  30  deg.  57  min*  00  fee.  North  Latitude,  and  let  it 
be  required  to  find  the  Latitude  and  Longitude  of  ArSiur us. 

I.  In  the  Oblique-angled  Spherical  Triangle  ifl  ^«  arc  given,  ^/^f 
44  ^cg.  53  min.  44  fee-  and^*,  59  deg*  03  min-  00  fee  the  Com- 
plements of  theLatitudes  of  the  two  known  Stars,  alfo  the  contained 
Angle  l^'^^y  6^  dcg.  49  min.  40  fee.  the  Difference  of  Longitude 
between  the  two  Stars,  whence  by  the  lotb  Cafe  oi  Oblique-angled^ 
&c.  the  Arch  ^  *  the  diftance  between  ArSiurus  and  the  unknown 
Star,  will  be  found  to  be  y  f  deg.  33  min.  10  kc.  and  by  the  9/* 
Cdfe  of  riiefame,  the  Angle  ^*  A  will  be  found  to  be  54  dcg.  39  min. 
00  fee. 

2-  In  the  Oblique-angled  Spherical  Triangle  /^  T' «  arc  given, ,  fi  < 
J I  deg.  33  min.  10  fee-  ^>,  45  dcg-  36  rain.  25  fee  and  >**,  59 
deg.  45  min.  00  fee;  the  mutual  diftances  between  the  three  Stars, 
whence  by  the  i  tth  Cafe  oi oblique-angled.  Sec  the  Angle  fi^y,  will 
be  found  to  be  55  deg.  10  mi  •  oyfec-  which  therefore  added  to 
the  Angle  ^tf^^,  54  deg.  39  min.  00  fee.  before  found,  will  give 
f  o9  deg.  49  rain.  05  fee  for  the  Angle  ^  «  >. 

3.  In  the  Oblique-angled  Spherical  Triangle  ^«>  are  given,  '^^ 
the  Complement  of  the  Latitude  of  ArliurM,  J9  dcg.  03  min.  oo 
fee  and  *>,  its  diftance  from  the  unknown  Star  Regulm^  59  deg. 

L  1  '  1  1  4<5  min- 
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45  min.  06  fee*  and  the  contained  Angle  '^tty^  109  deg.  49  mm*  05 
fee  whence  by  the  lo/i  Cafe  o£  Ohlique-'anglid^  &c>  the  Side  '^y^ 
the  Complement  of  the  Latitude  of  the ,  unknown  Star '/^cr/tf  j, 
will  be  found  to  be  8p  deg.  53  min.  22  fee.  and  by  the  iitb 
Cafe  of  the  fame,  the  Angle  >  ^  ^,  the  Difference  of  Longitude  be- 
tween ArElurus  and  the  unknown  Star  Regulus,  will  be  found  to 
^  H^^g'  22  min.  32  fee.  which  therefore  taken  from  the  Place 
of  ArEfurus^  Libra  19  deg.  47  min.  12  fee.  will  leave  Leo  2^  deg. 
24  mill.  40  fee.  for  the  Place  of  the  unknown  Sur  Regulus. 

Or, 

Having  from  the  Side  '^  ^,  59  deg*  03  min.  00  fee  and  ^^,  44 
deg.  y  3  min.  44  fee.  and  the  contained  Angle  3  t  cr^  54  deg.  4p  min. 
40  fee.  found  out  the  Angle  ^^^^^  82  deg.  ip  min.  42  fee.  andfixmi 
the  three  Sides  ^^^  jri  deg.  33  min..  10  fee.  ^y^  45  deg.  36  min, 
2  5  fee.  and  >  *,  y  9  deg-  45  min*  00  fee.  of  the  Triangle  3  >  «  found 
oat,  the  Angle  ^fiy  Si  deg.  57  min.  58  fee.  the  Sum  of  thefc  two 
Angfes  1^,5  deg-  17  min.  40  fee-  will  be  the  Angle  "^i^y ;  fo  tliac 
in  the  Triangle  '^fiy  are  given,  -^  /^,  44  deg.  53  min-  44  feu 
the  Side  /s  y^  45  deg.  3*  min.  25  fee.  ^nd  the  Angle  ^^  >,  1^5  d^. 
17  min.  4o  fee.  whence  by  the  jotb  Cafe  oi  Oblique-atigkd^  &c. 
the  Side  'r>,  the  Complement  of  the  Latitude  of  the  unknown  Star 
will  be  found  again  to  be  89  deg.  33  min.  22  fee.  and  by  the  ^tb 
Cafey  the  Angle  fi^y^  the  Difference  of  Longitude  between  the  Star 
in  the  Great  Bear  and  Regulus^  will  be  found  to  be  10  deg.  27  min. 
08  fee.  this  therefore  added  to  the  Place  of  the  known  Star  in  the 
Great  Bear^  Leo  14  deg.  57  min.  32  fee.  becaufe  the  known  Star  is 
Antecedent  to  ReguluSy  will  give  Leo  2^  deg.  24  min.  40  fee  for 
the  Place  of  the  unknown  Star  Regulus: 

In  the  iirfl  of  tbefe  Exan^Usy  the  unknown  fixed  Star  is  in  Con* 
fequence  of,  or  has  more  Longitude  than  either  of  the  fixed  Scars, 
from  whence  it  was  taken ;  and  confequently  the  Diffecence  of  Lon- 
gitude found  muft  be  added. 

In  the  fecond  Example  the  unknown  fixed  Star  is  Antecedent  to^ 
or  has  lefs  Longitude  than  either  of  the  fixed  Stars  from  whence  it  was 
taken,  and  therefore  the  Difference  of  Lot^itude  found  muil  be  fub- 
ftraded,  and  in  the  ^d  Example  the  unknown  Star  falling  between 
the  two  known  Stars,  will  have  greater  Longitude  than  one  and  lefs 
than  the  other,  and  confcquently  the  Difference  of  Loi^tude  found, 
mufl  be  either  added  or  fubfhra&ed,  according  as  the  known  Star 
from  whence  the  Diilerenct  is  computed,  is  either  in  Antecedence 

Ante- 
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or  Confcqucncc  of  the  unknown  Star  ,•  and  thefe  being  all  the  Va- 
ritics  that  can  arifc  in  this  Cafe^  from  the  difl'erent  Positions  of  the 
unknown  Star,  in  refpcft  to  the  two  known  Stars,  I  (hall  only  fub- 
join  for  the  fake  of  the  Induftrious  Reader,  a  few  Examples  of  Dif- 
tanccs  of  each  of  the  Planets  taken  from  fome  noted  fixed  Stars, 
together  with  their  Places  deduced  from  them. 

Example  i. 

On  the  loth  oi March  itf88,  at  1 1  h.  40  m.  at  the  Royal  Obferva^ 
tory  at  Greenwich,  the  diftance  of  Saturn  from  the  Lycns  Heart  Re- 
Qulusy  was  found  byObfervation  to  be  y 5  deg-  iSmin-  1 5  fee.  Regulus 
at  that  time  being  in  I^a  2  j  deg,  19  min.  40  lec.  and  having  o  deg. 
16  min.  38  fee.  North  Latitude,  and  at  the  fame  time  the  diftance 
of  Saturn  from  ArBurus  was  found  to  be  28  deg-  13  min.  00  fee. 
ArElurus  at  that  time  being  in  Liha  19  deg.  52  min.  12  fee  and 
having  30  deg.  $7  min.  00  fee  North  Latitude.  I  demand  the  La- 
titude and  Longitude  o{  Saturn  at  the  time  of  the  Obfervarion. 

Anpoier. 

The  Place  of  Saturn  is  Libra  21  deg.  47  mm-  4P  fee.  and  Lati- 
tude 2  deg-  4<5  min.  5 1  fee  North. 

Example  f. 

V 

On  the  ^tb  otAugufi  id88,  at  8  h-  16  m.  at  the  fame  Phtce,  the 
diftance  of  J ufiter  from  the  preceding  Shoulder  of  Aquarius^  was 
mcafured  and  tound  to  be  32  deg.  48  min.  40  (ec.  the  preceding 
Shoulder  of -^jn^riVix  being  at  that  time  in  Aquarius  ip  deg.  03 
niin-  03  fee.  and  having  8  deg.  38  min.  43  fee-  North  Latitude,  and 
at  thc'famc  time  the  diftance  of  Jupiter  from  the  following  ot  the 
two  Stars  in  the  Tail  of  the  Eagle,  was  found  to  be  3(5deg^  45  min. 
1 5  fee-  the  following  of  the  two  Stars  in  the  Tail  of  the  Eagle  be- 
ing in  Capricorn  15  deg-  27  min-  14  fee.  and  having  3 6  deg.  13  min. 
48  fee.  North  Latitude.  1  demand  the  Latitude  and  Longitude  of 
duster,  ac  the;  time  of  the  Obfervation.  * 

Anfwer. 

3ufiter  is  in  Capricorn  17  deg.  25  min*  o5  (ec- having  eo  deg.  30 
min.  30  fee.  North  Latitude. 

LllU  2  '  ^x- 
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Example  g. 

On  the  ip/A  ofSePtemhr  1^87,  at  6  h.  14  m*  at  tBefame  Place, 
the  diftance  oiMars  from  the  foUowingStar  of  thethitein  theHead  of 
Sagittaryj  was  found  to  be  3  5  deg.  4imia-  1 5  fee-  the  Sur  being  then 
in  Cafrimn  1 1  deg.  $4min.  54  fee.  and  having  oideg.  a  8  min.  59  fee. 
North  Latitude,  and  at  the  fame  time  the  diibuice  of  Mars  from  the 
Bright  Star  in  the  £^&  was  found  to  be  37  deg.  53  min.  30  fee.  the 
Bright  Star  in  the  E(^le  being  then  in  Capric$m  27  deg.  ai  min.  34 
fee.  and  having  tg  deg.  19  min.  11  fee;  North  Latitude  I  demand  the 
Latitude  and  Longitude  of  Mars  at  the  time  of  the  Obiervatiw. 

Anfwer.  . 

The  Place  of  Mars  was  in  Aquarius  17  deg-  i7.mih.  12  fee.  and 
its  Latitude  3  deg^  z6  min.  2  2  fee.  South. 

Examfk  4. 

On  the  nth  of  February  1686,  at  tf  h.  i5  m.  the  diftancc  of 
Venus  from  the  Head  of  Andromeda^  was  found  to  be  24  deg.  18 
min.  20  fee.  the  Head  of  Andromeda  at  that  time  being  in  09  deg. 
55  min.  33  fee.  oi  Aries ;  and  having  25  deg.  41  min.  oi  fee.  Nonh 
Latitude,  and  at  the  fame  time  the  diftance  oiVeuus  from  PaliUcium 
or  the  Southern  Eye  of  the  BuU  was  found  to  be  4^  deg.  54  min. 
40  fee.  Palilidum  zt  that  time  being  in  Gemini  5  deg.  23  min*  40 
fee.  and  having  5  deg.  29  min.  49  ^c.  South  Latitude.  I  demand 
the  Latitude  and  Longitude  of  Fenus  at  the  time  of  theObiiervation. 

Anjwer. 

The  Place  of  Venus  was  at  that  time  in  Aries  19  dcs«  07  mk 
4;  fee*  and  her  Latitude  3  deg.  2  min.  36  fee.  North. 

Example  5. 

On  the  14/ibof  ^/iff/  1680,  at  8h.  27  m.  Mereury  was  diflanc 
Irom  Procyn  or  the  UnU  Dog  Star^  5  $  deg«  47  min.  30  iec.  Procjm 
at  that  time  being  in  Cancer  21  deg.  22  min;  01  fee-  having  15  deg. 
57  min.  5  5  fee.  Skiuth  Latitude^  and  at  8  h.  1  $  m.  the  lame  Evening 
Mercury  was  found  to  be  difiant  from  the  Northern  Horn  of  the 
BuU^  or  the  Southern  Foot  of  Aurijga  22  deg.  iimin.  ^{irc-  the 

North  Horn  of  the  £uJl  at  that  time  being  in  Gemiai  iSdc^-  os 

min. 
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min.  s^fcc  and  having  5des.  ai  min.  34  fee  ^ North  Latitude, 
demand  the  Latitude  and  LoBgitude  of  Afr rr^r;  at  the  time  of  the 
Oblervation. 

Aitfwer. 

Mercury  zt  that  time  was  in  Taurus  stf  deg«  0%  min.  4a  fee  ha- 
ring  a  deg-  ^6  min*  30  fee.  North  Latitude. 

Exantfh  6. 

On  the  %jth  of  January  id88,  at  dh.  44  m.  15  (!  the  diflance 
of  the  neareft  Limb  of  the  Moon  from  Miracb,  or  the  Bright  Star 
in  the  Girdle  of  Jndromeda^  was  found  to  be  ay  deg.  13  min.  05 
fee.  Miracb  at  that  time  being  in  Aries  26  deg-  ot  min.  04  fee.  and 
having  2$  deg.  5 5  min*  19  fee-  North  Latitude,  and  at  the  fame 
time  the  diftance  of  the  remote  Limh  oT  the  Moon  from  Palilicium 
or  Aldtbaran^  was  found  to  be  41  deg.  13  min.  25  fee.  Palilicium 
being  at  that  time  in  Gemini  5  deg«  25  min.  20  fee*  and  having 
5  deg-  2p  min.  49  feS.  South  Latitude.  I  demand  the  Latitude  and 
Lon^rude  of  the  Moon  at  the  time  of  the  Obkrvation. 

Anfmr. 

The  Moon  was  at  that  time  in  Aries  24  deg,  34  min.  30  /ec  and 
her  Latitude  was  i  deg.  30  min.  48  fee.  South* 

Prob.  IV, 

Cafi  2. 

Given  the  Right  Afcenfion  and  Deelination  of  two  fixed  Stars^ 
together  with  the  diftanee  of  a  third  fixed  Star  or  Planet,  from  each 
of  them,  to  find  out  the  Right  Afeenfion  and  Deelination  of  that  third 
Star  or  Planet. 

Example* 

On  the  loth  oi  Fekruwri  167$,  at  ry  h.  44  m*  ArBurus  wzs  dir 
Aant  from  the  SouthermoU  of  the  two  preeeding  Stars  in  the  Square. 
of  iA^  Great  Bear  51  deg*  33  min.  10  fee  and  on  the  7/A  of  April 
in  the  Year  1^82^  at  9h,  41  m.  ^r^tfr«/wasdiflant  from  Regulur 
5P  deg*  44$  min.  00  fee.  now  the  Right  Afeenfion  of  the  Souther-. 
moft  of  the  two  preceding  Stars  in  the  Square  of  the  Great  Bear  being 
at  the  time  of  the  latter  Obfervation  160  deg.  34  min^  59  f^c*  ^nd 
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having  58  deg.  04  mfn.  30  fee.  North  DeclinatioD,'  and  the  Right 
Afcenfion  of  Regulus  at  the  fame  time  being  147  deg.  50  min.  33 
•  fee.  and  its  Northern  Declination  13  deg.  ^pofiin.  31  fee.  I  demand 
he  Right  Afeenfion  and  Deelinacibn  of  ArElurus. 

Tthe  Stfretgraphic  Selutim. 

Having  drawn  the  Solfiitial  Colurc 
JP  Q^S,  the  Equator  A  Q^  the  Axis 
P  S^  thro'  the  Poles  P  and  Sj  draw  the 
Cireles  of  Right  Afeenfion  P  7  S^PS, 
the£rft  forming  an  Angle  of  57  deg.  50 
rain.  33  fee.  the  feeond  an  Angle  of  70 
deg.  34  min.  50  fee  with  the  Solftidal 
Colure,  equal  to  the  difference  of  Right 
Afcenfions  between  the  two  Stars  and 
the  Solftitial  point  ^,  by  Cafe  the  3J 
of  Problem  the^/A,  of  SeBion  the  id  of 
Part  the  ^hy  and  lay  off  75 deg.  30  min- 
39  fee.  in  the  ifi  from  P  to  >,  and  3 1  deg.  j  j  min.  go  fec»  in  ire 
2^  from  P  to  ^,  the  diftance  of  eaeh  of  the  Stars  from  the  Norrh 
Pole,  by  Cafe  the  3^  of  Pnblem  the  6tb  of  the  hmeSeltio»^  thcl'e 
points  y  and  i^,  will  reprefcnt  the  Places  of  the  two  Scars. 

2-  About  the  points  y  and  ^^  deferibe  Small  Circles  at  the  dif- 
canee  of  ^p  deg.  46  min.  00  fee*  and  51  deg*  33  min  le  fee.  by 
Cafe  the  ^d  of  Prob-  the  4^*  o(Se£i.  the  2//,  and  where  thcfe  inrcr- 
fed  each  other  as  in  the  point  *j  it  will  give  the  Place  of  ArBurus, 
and  P  *  will  give  the  diftance  of  ArBurus  from  the  Pole  and  the 
Angle  ^  P  « the  Right  Afcenfion  from  Cancity  and  to  find  each  0: 
them  by  Calculation. 

1.  In  the  Oblique-angled  Spherical  Triangle  y  Pl^  are  given, 
Py^  75  deg.  30  min.  29  fee-  P^,  31  deg.  55  min.  30  fee-  Ac  di- 
ftances  of  the  two  known  Stars  from  the  Pole,  and  the  Angle  : />  ^^ 
12  deg.  44  min.  25  fee.  the  Difierence  of  their  Right  Afecenfions, 
whence  by  the  loth  Cafe  of  Ob lique^  &c*^  the  Arch  of  Diftance  y  5, 
will  be  found  to  be  45  deg.  36  min*  25  fee  and  by  the  pti  Cafe  ot 
the  fame,  the  Angle  P  >  ^  will  be  found  to  be  9  deg.  23  min.  3  5  fee 

2.  In  the  Oblique-angkd  Spherical  Triangle  7-^  *  are  gi\Tn,  the 
mutual  diftances  between  the  three  Stars,  'viz,*  i®^,  4jdeg.  35mir 
2j  fee-  J'S  59deg.  4tfmin  00  fee.  and  ^«',  yi  deg.  33  min.  d 
fee.  whcttceby  the  xi^  Cafe  of  Oblique^  &c.  the  Angle /^  >  «,  w- 
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be  found  to  be  <S4dcg-  o^  min.  45  fee.  this  added  to  the  Angle 
P  y^  before  found,  equal  to  9  deg.  a  3  min.  3  5  fee,  will  give  73  deg, 
30  inin.  21  fee.  for  the  Angle  Py^. 

3.  In  the  Oblique-apgled  Spherical  Triangle  Py^atc  given,  py% 
equal  to  75  deg.  30  min.  29  fee.  :>'*,  equal  to  4.J  deg.  3^5  min.  25 
fee.  and  the  containedAngle \P>  a.,  equal  to  73  deg^  30  min.  21  fee* 
whence  by  the  lOth  Cafeot  Oblique j  &c.  the  Arch  P  *  the  diftance 
of  ArSiurus  from  the  Norrii  Pole,  or  the  Complement  of  its  Decli- 
nation will  be  found  to  be  6^  deg.  08  min.  41  fec^,  and  by  the 
9th  Cafe  J  the  Angle  >  P  *  the  Difference  of  the  Right  Afcenfion 
between  Regulus  and  ArSlurus  will  be  found  to  be  6i  deg-  26  min. 
1(5  fee  4,  this  therefore  added  to  the  Right  Afcenfion  o( Regulus  147 
deg.  50  min*  3  j  fee  becaufc  Regulus  precedes  ArUurusy  will  give 
210  deg.  jd  niin  49  fee.  i,  for  the  Right  Afcenfion  of  ^r5«r«/ at 
the  time  of  the  Obfervation. 

After  the  fame  manner  may  the  Right  Afcendon  and  Declination 
of  any  unknown  Star,  Planet  or  Comet  be  determined,  from  the 
fame  Data,  and  all  the  Varieties  ari(ing  from  the  different  Pofitions 
of  the  unknown  Scars,  with  refpeft  to  the  known,  are  accounted  for 
after  the  fame  manner  as  in  the  former  Cafey  as  the  Reader  will  readi- 
ly apprehend,  if  he  compare  the  two  Conftrudions  together,  and 
imagine  the  Poles  t  and  «*,  in  the  former  to  reprefent  the  Points  P 
and  S  in  the  latter,  and  the  Ecliptic  in  the  firft,  to  ftand  for  the 
Equator  in  the  latter. 

By  the  help  of  thefe  Problems  and  a  Knowledge  of  the  Place  of  any 
one  fixed  Star,  we  are  taught,  bow  to  find  the  Places  of  all  the  reft  ; 
and  *tis  by  the  Affiftance  of  the  preceding  Pr«*&i»  chiefly,  that  Aftro- 
nomets  have  rcdified  the  Places  of  all  the  fixed  Stars,  and  determi* 
ned  the  Places  of  the  Moon  and  the  reft  of  xhePlanetSi  upon  which  the 
Tables  of  their  feveral  Motions  are  founded,  butOblervacions  of  this 
kind  requiring  Three  Perfons  at  leaft  to  affift,  befides  a  long  train 
of  Calculations,  before  their  Latitudes,  Longitudes,  Right  Afcen- 
fions,  and  Declinations,  can  be  obtained,  Mr:  Flamfteed  (ct  himkK 
about  making  a  Meridional  Arch,  which  tho'  it  had  been  before  at- 
tempted by  others^and  particularly  by  the  famous  DeLa  Hire  ztParis^ 
(as  he  himfelf  tells  us)  without  Succefs;  yet  Mr.  PlamfieeJts  unwea- 
ried Endeavours  and  conftant  Application  proceeding  from,  and 
fupporred'by  an  exceeding  Love  to  this  Science,  made  him  furmoun^ 
aUj Difficulties,  and  in  the  Space  of  Fourteen  Months,  at  his  own 
Exp^nce^  he  ere&ed  a  Meridional  Mural  AacHof  Acar  Eight  - 
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Foot  Radiuf,  atui  about  140  Degrees  ia  the  Limb^  funiifbed  with 
Telefcopical  Sights^  &c.  by  which  Inftrumcnt  in  the  Space  of  a 
few  Tears,  he  has  not  only  redified  all  the  Places  of  the  fixed  Stars 
obferved  before  his  time^  but  ha's  added  at  leaft  1000  new  fixed 
Surs  to  his  Catal(^ue,  which  were  never  before  uken  Notice  of  by 
any  other  Perfoa,  and  has  alio  deduced  about  i$oo  Places  ctf  the 
Mqou  and  near  1000  of  the  other  Pkatets^  from  Obfervations  made 
with  the  lame  Inftrument^  from  which  Stock  of  Obfervations^  toge- 
ther with  a  great  Nun^ber  made  by  a  large  Sextant^  for  the  Space  of 
1 5  Years  before,  be  has  formed  new  Tables  of  the  Akons  Motions  as 
well  as  of  the  other  Planets^  by  which  Tables  the  Places  of  the  Moon 
and  the  reft  of  the  Planets  will  be  exhibited  to  much  greater  degrees 
of  Exa&nefs  than  by  any  Tables  that  have  ever  yet  appearedAix-oad, 
a  Work  hitherto  much  defired^  and  which  will  be  Publiihed  with  all 
convenient  Speed. 

The  principal  End ^f  mentioning  this  Inftniment  C^d  of  which  a 
large  Account  how  it  was  framed  and  fixed,  may  befeen  in  the  /Vf 
face  to  his  Hifioria  Cotleftis)  is  to  recomend  its  Ufe  to  all  fucb  as 
have  leafure  and  Inclination  to  view  the  Heavens ;  fince  by  this 
Inflrument  alone  one  Perfon  may  make  more  Obfervations,  and 
that  with  greater  Certainty  jn  One  Nights  time,  than  Three  Per* 
fbos  can  do  with  any  other  in  Three  Nights  5  befidesthe  Right  Af- 
cenfion  and  Declination  of  a  fixed  Star  is  had  6:0m  the  Ob&rvation, 
by  Addition  or  Subftradion  only,  which  from  Obfervarions  made 
with  the  Sextant  requires  four  Calculations,  as  thcReader  may  fee,  if 
he  Confults  the  id  Cafe  of  the  j\th  ProHent^ 

•For  fince  the  diiTerenceof  the 'Meridional  Altitudes  of  the  Stars 
gives  the  Difiecence  of  their  Declinations,  and  the  difiference  of 
the  times  of  their  Tranfits  over  the  Meridian,  reduced  into  £qua« 
torial  Time  gives  the  Difference  of  their  Right  ATcenfions ;  if  the 
Difference  between  the  Meridional  Heights  of  the  Mogn^  &c  and 
any  Star  whofe  Place  is  known  be  added  to,  or  iubfiraScd  (rom, 
(acciU'ding  as  the  Cafe  requires)  the  Declination  of  the  known  Sur, 
the  Sum  or  Difference  will  give  the  Declination  of  the  Mm,  &c. 

In  like  manner,  if  the  Difference  between  the  times  of  their  Tran- 
fits over  the  Meridian  be  added  to,  or  fubftraded  from  the  Right 
Afcenfion  of  the  given  Star,  the  $um  or  Difference  will  give  theRight 
Afcenfion  of  the  Moon^  &c. 

And  again,  inafmuch  as  in  the  fame  Place,  at  the  fame  time,  and 
9i  the  fame  Aiitude,  the  Refradions  are  conftantly  the  faio^  ;  it 
a  ;Sur  wbofe  Place  is  known  be  chofen  in  the  fame  Parallel  of  De- 
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difiation  nearly  with  thp  Moon  or  any  unknown  Star  or  Hanct,  there 
is  no  need  of  making  aiw  Allowance  for  the  Refraftidns^  fince  the 
Errors  in  both  are  the  (ame ;  which  is  a  thing  of  no  fmall  Advan- 
tage, iince  as  is  well  known,  the  Refraftion  do  not  only  dijflfer 
confiderably  in  dffiercnt  Places^  but  alter  in  the  fame  Place  at 
dificrcnt  times  of  the  Tear,  cfpecially  wl]cn  the  Stars  ire  near 
the  Horizon ,  which  muft  neceflarily  caufe  great  Errors  in  dhe 
Places  deduced,  if  due  Allowance^  be  not  made  for  it ;  and  this 
Method  of  deducing  the  Right  Afcenilons  and  Dtelinafidos  fiom 
their  obfenred  X^fifercnccs  has  thi$  farther  Advantage,  that  if  the  In- 
Urument  fhould  not  be  fo  perfeAly  placed  in  the  Plane  ot  the  Meri- 
dian as  it  fiiould  be,  nor  fo  well  adjufted  to  the  Plane  of  the  Horizon 
as  it  ought  to  be ;  yet  the  Errors  arifing  even  from  this  are  fo  rcty 
fmall,  as  not  to.  amount  to  any  realQuantity^'as  ercry  onetnufi  kaow 
who  duly  confiders  the  Thing. 

As  the  Degree  of  the  Equator  that  tranfits  the  Meridian  widi 
the  Siinjs  called  his, Right  Afcenfion,  inafmucha$  it  is  die. fame 
D^ee  of  the  Equator  that  afcends  with  him  in  a  Ri^t  Poficigo 
of  the  Sphere,  fo  the  Degree  of  the  Equator  that  trannrs  the  Vf- 
ridian  with'  any  Star,  is  called  the  Right  Afctn/ion  of  that  Star-  — 

And  inafmuch  as  the  Earth  revolves  about  her  own  Axis,  or  which 
is  the  bmc  thing,  inafmuch  as  the  Heavens  (eem  to  be  carried  about 
with  an  Equable  Motion,  in  a  Space  of  Time  called  a  Natural  Day 
or  ^4  Hours,  during  which  time  the  Equator  makes  an  Inter-Revo- 
lution-   Hence  it  is/       ^  .,         .  •„        ^    . 

1.  That  during  the  Space  of  an  Hour  there  will  tranfitthc 
Meridian  15  degrees  of  the  Equator,  <for  ai  of  jtfo  equal  to. 
15  degrees)  and  in  the  Space  of  i  minute  of  Time,  there  will  pafs 
4>ver  the  Meridian  15  minutes  ot  the  Equator,  &c.  and  conlcquently 
tbcNumber  of  deg.  and  minutes  being  known,  the  Quantity  of  Time 
is  known  alfo,  and  the  contrary.  ^ 

2.  That  the  Arch  of  the  Equator  intercepted  between  the  pomtt 
of  tiie  Equator  that  tranfit  the  Meridian,  with  the  $un.  Moon, 
or  any  Scar,  or  which  is  the  lame  thing,  the  difference  of  their  Right 
Afcenfions  meafures  out  the  Space  of  Time  between  the  Tranfit  of 
thfe  Sun,  Moon,  or  any  Star,  and  this  being  reduced  into  Time  by 
allowing  i  s  degrees  6t  theEquator  to  an  Hour  of  Time,  &c^  it  will 
oiva  the  exaa  Hour,  Minute,  CrcMthc  time  of  jthe  Tranfit  of  the 
tun,  Mpon,  or  any  Star,  over  the  Meridian.    Wherefocc, 

To  find  die  time  of  the  Moon,  or  any  Staw  coming  to  the  Me- 
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SuKlra^  the  Rjgbt  Afccnfioo  of  the*  Sun  from  thp  R^iht  iJbn- 
£on  <^  the  Moon  or  of  Any  Star,  and  the  Remaiadec  coDwetted  ioco 
Tine  (^  need  be)  (hews  die  Hour  and  Afihufe,  &Cj.  <of  t^  Moon 
0V  Stars  coming  to  the  Meridian ;  buc  if  it  happen  that  the  Rq^fac 
Afcenfion  of  the  Sun  eiscecd  the  Ri^c  AkcuSan  oS  the  Moon  or 
lised  Star»  then  to  the  Sctrs  R^ht  Afccofion^  add  h  Houa^  and 
^iroceed  as<befoce.    ^  * 

Exampk  !• 

Let  it  be  loqutred  to  find  at  what  Time  ilt^ShiMii  n^  eome  to 
idie  Meridian  the  ift  of  Afril  in  the  Tear  i  ^^€. 
\  The  Ri^t  Afcenfim  ot  the  Sun  at  chat  time  is.i  h-  04  m.  06  L 
^|nd  the  Right  Afaenfionof  AfOurus  14  h.  03  m.  .11  f.  attheiamc 
thne.    Wherefore,  K    m.     t 

Fpolm  the  Right  AfcenfiiMa  irf Ar&mrus    ■    >    ■  y^    oj    x  j 

Take  the  Right  Afcenfion  of  the  Sun       ■  ■■  1    1^    06 
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The  Remainder  gives  the  Hour  ot  the^ftrs^Southiog 

Let  It  be  reouxred  to  find  at  wh^t  thne  the  fame  Star  ArShrus 
will  tranfit  the  Meridian  on  the  zjtboOamutry  1717. 

Becaufe  the  Sun's  Right  Afcenfion  at  that  time  is  21  h.  17  h-  t%L 
and  confequently  greater  than  the  Right  A&eofion  of  Arfhrui. 
Therefore,  h.    m,     f. 

To  the  Right  Afcenfion  of  AtButus^  ■  14    02    n 

Add24HouK- — ^.^ — i 24    00    00 

Froin  the  -^"i«^  ■^'     >  ^g    ^^    ^ i 

Take  the  Sun  s  Right  Afcenfion  at  the  time  propofed— 11     17    32 
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The  Remainder  wiJl  give  die  time  of  the  Son  comiitf  2  . 
to  the  Meridian  ■"■  — r \  *^.    4f    49 

Whichaccordingtothevnlgar  Way  of  Computation,  is  ob  tiic 
i6ti otJaHaaryit  at4'h..  4J ra-  49 f.  in  the  Moming. 

In  finding  the  dme  of  the  Cuhnination,  the  Ri^t  Afcenfioo  of  the 
San  muft  not  be  taken  ai  it  is  at  Noon,  but  as  near  the  time  of  the 
Stars  Southing  as  poffible,  for  pthcrwife  d»e  Esror  in  the  fotaerEv* 
jm/iSp  would  amount  to  near  riiree  minntesof  Time. 

After  the  fame  manner  nay  the  time  of  the  CWmination  of  the 
fame  or  any  other  Star,  or  of  the  Moon  of  any  other  Planet  be  deter- 
mined, at  any  time  propofed ;  and  aU  other  Methods  diflcnne  from 
this  are  alle  and  erroneous-  flcoce 
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Hence  mi  (torn  the  Uifivk^e  if  the  Place,  and  the'  Declinatioti . 
cf  the  Scar,  may  be ,  found  the  tjmes  of  kt  Rifing  and  Seeing,  its 
Ami^itnde;  the  time  when  it  will  appear  due  Eail  and  Wcil«  &€. 
ts  will  be' exemplified  in  the  CoWowing^PrUkmu 

Prob.  V. 

'  Qivea  tfad  T«atitu4«  of  tbe  Place^  the  Day  of  the  Month,  Right 
AfathTion^and  Declination  of  a  Star,  to  find  the  Starts  Amplitudr, 
the  ti9ib  6l^hs;Riga|-aadSetdng,  and  continuanco  above  or  below  ' 
the  Horizon/"  -  ^    •  .  .  •  -    . 

Example* 

Let  it  be  iequii:edta  find  the  Ami)lfttlde>  tim^eof  Rifing,  Sming^ 
&e-  of  jlrBurus  at  Undm^  in  the!  Latitude  of  5 1  dq;.  ^%  min.  Ni 
on  the  id  of  ^April  in  the  Year  tT^6%  the  Ri^t  Afccnfion  of 
ArBurui  at  that  time  being  14  h.  oj  m*  1 1  f.  and  iE6. 4iliftaace  from, 
tbe  North  Pole,  or  Complement  ori^DccliiuMioa  ^^^  >i  nuih 
Kfccf.' 

7i6f  ^ereoirifbic  SoluttHh 

i«  In  the  adjacent  Figure  where  the 
Circle  ZX>NH  seprafents  tbe  Mtridiaii» . 
JIO  the  Horizon,  and  Z  ZV  the  Prime 
Vertical,  fetoflF  5 1  d^  31  min.  00  fee. 
die  Latkude of the/jPUce fimiOtp P. 
as  iq  the  Sun,  and  draw  the  Six  aUoo^ 
fiom  Circle  PS,  and  aP Right^^ai^Ics 
ce  it  tbe  Equator  A  Q: 

a.  About  the  Pole  P,  at  the  diftance 
cf^deg.  XI  min.  itf  fee- f ,  the  diftance 
of  ArBmus  from  tbe  Pole  or  Com- 
plement of  its  Declmaiiott,  defcribe  the  Small  Circle  a  ^  r,  this  will 
rcprcfent  the  Parallel  of  the  Stars  diurnal  Courfe,  or  vifible  Path 
that  Araurus'tcms  to  defcribe  irt  the  Heavens,  and  where  this  Paral- 
lel CBts  thp  Horiaion  as  in  the  point  #^  it  ilewi  the  FUice  where  the 
Sur  Rifes  and  Sets. 

J.  TW  i^  the  Place  of  the  Star,  and  the  Poles  P  and  S,  draw, 
tbe  Horary  Circle  Pif-S,  and.  the  thing^is  done  ^  and  the  Arch  of 

Mmmmm  a  .  the 
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the  Equator  ^jR  equal  in  Quantity  to  the  Areh  of  the  Parallel  a  ^-^ 
contained  between  the  Place  of  the  Star  at  his  Rifing,  and  the  Merir 
dian,  and  therefore  equal  to  half  the  time  of  the  Stars  continuance 
above  the  Horizon,  may  be  mcafured  by  C^fe  the  2d  of  Pr#*.  the  7/A, 
Qf  SiSiion  the  ^d  of  Pamhe  ^tb,  and  the  Arch  of  the  Horizen  r  *- 
the  Amplitude,  or  diftance  that  the  Star  Rifes  or  Sets/  in  this  Cafe 
to  the  Northward  of  the  Eaft  or  Wefl,  may  be  meafured  by,  the 
fame,  the  firft  of  thefc,_  wx,.  the  Semi-duration,  being  applied  to 
the  time  of  the  Stars  Southing,  will  give  the  time  ot  its  Rifii^  aad 
Setting. 

Logarithmically,  or  by  Calculation. 

In  the  Right-angled  Spherical  Triangle  T -H- R^  Right-angled  at 
R  are  given,  the  Angle  i(^  TR  equal  to  the  Arch  OQj  rfaeComple- 
xnent  of  PO  the  Latitude,  the  Arch  #  jR  the  Declination  of  Arlh^ 
YUSy  whence  to  find  T  #  the  Amplitude,  it  will  be  by  the  unb  Cafe 
of  Right-angled  Spherical  Triangles^ 

As  ^heS.  <*r/l:/l:  iS.*RiS.rf;  that  is. 
As  the  Co-fine  of  the  Latitude  of  the  Place  5 1.3  2.00 — ^9.7^383 17 

-    To  the  Radius "■"■   ■ ^  loooooooo 

So  is  the  Sine  of  the  Stars  Declination  20.3  8.43 1 ^^.5472621 

Tx)  the  Sine  of  the  Amplitude  3431,38!       ■    ■  Lp  7534304 

Which  being  always  the  fame  way  with  the  Declination,  is  tbeic 
fore  Northerly,  and  cbnfequently  the  Star  rifes  34  deg.  31  min.  38 
fee  to  the  Northward  of  the  Eaft  point  of  the  Horizon,  and  fcts  34 
dig  31  min.  5  8  fee.  to  the  Northward  of  the  Weft,  that  is  ac- 
cording to  the  Nautical  Phrafe^  ArBurus  in  the  Latitude  of  5 1  deg. 
3  2  min.  00  fee.  North  or  South,  rifes  in  the  N,  E.  by  N.  point  of 
die  Horizon  nearly,  and  fets  in  the  N.  W.  by  "N,  point. 

And  fince  the  Declinarion  of  the  Stars  with  r^ard  to  Common 
Ufe,  may  be  faid  to  be  xronftantly  the  fame,  inafmuch  as  the  Stars 
that  are  placed  near  the  EquinoAial  Colure,  don't  alter  their  De- 
clinarion fcarce  the  one  third  part  of  a  Minute  in  a  Year,  and  thofe 
that  arc  placed  near  the  SoJftitial  Colure  fcarce  the  fame  Quantity  in 
a  Hundred  Tears,  and  the,Qtber  intermediate  Stars  in  Proporrion,  it 
follows,  that  the  fame  Star  in  the  fame  Place  has  conftantly  die  (june 
Amplitude,  and  during  the  whole  Year  rifes  and  fcts  in  chc  fame 
points  of  the  Horizon  n^^ly* 

t  la 
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2.  In  the  fame  Triangle  T  *  R^  to  find  the  Afcenfional  Diffe- 
rence r  R,  it  will  be  by  the  9th  Cafe  iff  Riiht-angUd  Spherisal  Tri*, 

angles. 

As  t,<*rR  :R:  :t,^  Ri  S-V  R;  that  is, 

A3  the  Co-tangent  of  the  Latitude  of  the  Place  5  r.j  2-00  ppbooStf  j 

To  thcRadius--— — — —  ^^— *— — ——————10.0000000 

So  is  the  Tangent  of  the  Stars  Dcclinatfon  2o.'38-43!  —  p.y  750881 

To  the  Sineof  tiie  Afcenfional  Difference  28  18.361— 9*675001^ 

This  Afcenfional  Dificrcnce  or  Arch*  of  the  Equator  T  Ry  equal 
to  iSdeg.  iSmin.  36  fee.  a,  added  to  the  Arch  r /I  equal  to  96 
dec  ooroin.  00  fee  or  d  Hours,  gives  118  deg.  iSmin.  gtf  kef 
for  the  Arch  ot  the  Equator  AR^  and  this  being  reduced  into  Time, 
ei^es  7  deg.  53  min-  14  fee  2  for  half  or  the  time  the  Stars  continu- 
ance above  theHorizon,  and  therefore  being  added  to  the  time  of  the 
Stars  Southing,  wrill  give  the  time  of  its  fetting,  but  fubftraftcd  witt 
leave  the  time  of  its  rifing.  1.   ^,  . 

It  has  been  already  dctenpined,  that  Aitturus^wi  over  the  Me- 
ridian on  the  ijl  of  AprifijiS,  at  I2  h-  39  mv  oj  fee.   Wherefore,. 
.  h.     m.     iw 

From  the  time  of  the  tranfit  diArQurus  over  theMer;  t».    jp    oy 
Take  t'x  Semi-vifible  Arch  of  duration —^ 7    55     "4? 

It  leaves  the  timeof  the  rifing  of  ^ri?«jw the fameDay  4    45  ,  50* 

Again,  h.    mi "   f. 

To  the  time  of  the  tranfit  of  Ar£iurus  ovet  the  Mcrid.  i  a    39    oj 
Add  the  fame  vifible  Arch  of  duration  7    »    '4f 

It  gi«cs  the  time  of  the  fetting  — —  •     ■     »°    J*    *9i 

Which  according  to  the  vulvar  Way  of  Reckoning  i«  the  2d  of  A' 
i^il  at  8  h.  3  a  min.  19  fee-  f  in  the  Morning. 

And  becaufethe  Declination  of  the  fame  Star  is  very  nearly  the 
fame  during  the  whole  Tear,  it  follows,  that  in  the  fame  Place  the 
AfcenfionalDiffetence  will  be  nearly  the  fame;  and  codcquently  the 
Stars  Semi-vifible  Arch,  or  half  the  time  of  the  Stars  continoance  a- 
bove  the  Horizon  in  the  fame  Place,  will  be  very  nearly  the  fame, 
and  thciefote  to  find  the  ticae  of  the  fame  Stats  rifiug  and.  fcttmg  at 
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.  any  other  Pay  of  the  fame  Year,^  we  have  nothing  more  to  do  thaa 
-  CO  fitui  the  time  of  the  fame  Stars  comkig  to  the  Meridian^ 

For  TS^xantfUj  Sappofe  it  were  required,  to  find  at  what  time  the 
fame  Star  Ar&UrusyriW  rife  and  fet  at  London^  on  the  25  r^  ofJoBua* 

ry^  1727-  *  ,^     * 

It  has  been  already-determined  in  Page  458^^,  that  on  the  2fnl 

of  January  ArBuYUs  will  tranfit  over  the  Meridian  tfLsadmxc  i6h. 

.45  m,  49  r.    Wherefore,  to  find  the  time  of  its  rtfing  the  fame  Day. 

h      m.     f. 

'From  the  .time  of  the  tranfit  of  ArBurus  >  16 ,  <^%    49 

'.Take4tsSemi-com:inuance,  &€.  bcfott  found       ■ '^    7     5^    141 

^It  lea?e»  the  time  of  the  rifing  tfet  fame  Day g    fa    J4I 

.  ^And  for  the  (etcing. 

.  h,  m.  f. 

^o  thetrmeoftbe  tranfit  of  ^^^<rr^/'     ■■               *i6  45  49 

Add  the  time  of  its  Semi-continuance^  (jc^  ■■■     .      *  7  H  14? 

■  ■ 

^It  gives  thie  time  of  its  fetting  — ^  *^-  *         ^'        ^24  jp  ojl 


AXThich^accordii^  tor  d]e<4llr9j0^^ 
^ry  the  i,6tby  at  o  h*  gp  m.  ajr  C  1,  bill;  acootdmg  to  cfac  conuDoa 
Way,  is  January  tht  %6th  at  oh-  39  m.  03  f.  f  in  the  Aftemooa.       ^ 

And  inafmuch  as  in  the  fame  Place  the  ScBU-dunKioD  of  the  6me 
^Stars  continuance  above  the  Horizon  is  ?ery  nearly  die  fame,  it  fad- 
lo^,  that  the  djumal  difierence  of  the  times.bf  die  fame  Stars  nfiog 
and  fetting  m  the  fame  place,  iseqnai  to  the  diurnal  di&itnce  of  the 
times  of  the  tranfit  of  the  fame  Sur  orcrthcMeridiam;  amd  tUs  de- 
pending upon  the  difierentEUghtAfcenfions  of  the  Sun,  arifing  fromiiis 
xdiumalli^tion  thro'  the£diptic,,it  follows,  that  the  diurnal  difficence 
of  the  times  of  the  fame  Stars  rifing,  culminating^  and  (ettiog,  10  the 
fame  Place,  is  equal  to  the  diurnal  difierence  of  the  Right  Afcen- 
fion  of  the  Sim  nearly  at  the  fame  Place^  and  iiecaufe  the  Son  by 
Mean  Motion  moves  over  59  min«  oS  fee  of  the  Ecliptic  in  one  Na- 
^curaiDay,  it  follows,.that  the  diurnal  difierence  of  the  Sun  s  '^'  ' 

Afccnfion  is  nearly  equal  to  jpmia.  08  fee.  (cheEMefs  or 

being  fo  fmall,  thatin  the  prefent  Cafe  it  may^  be  wholly  needed) 
and  this  being  equal  in  Thne  to  }  h.  $5m«  3a  f  it  foltows,  that  the 
£ime  Sur  in  the  /ame  Place,  rifes^  culminates,  and  iets  every  Day 
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^:h:  i6m  31  (.  Utcrtban  it  did il^frucAkglH^s  di«t is;,  about 
an  Hour  in  the  Spce  .of  i  $  Days  and  it  qnmtt  msm\y. 

And  becaufe  the  Sineof  tiie  Afcenfimttfl}il^^ 
as  tb^  Tangent  of  the  Scan  Declinarioii  co  the  Co-ca^nt  .of  the 
Latitude  of  the  Place,  it  follows,  that^when  (he  Sws  JDedioation 
is  e<}iul  CO  the  Complement  ^f  the  JUtiiyde,  md.<^  the  fame  fide 
of  i^e  Equator  wtch.  the  Place,  that  ^  Afceofional  jbttfiorepce  be^ 
comes  equal  to  the  Radius,  or  j^o  d.'  oo^m-  oof  equal  to* ifoots^ 
and  confequendy  the  time  of  the  Semi-duration  of  the  Star  abofc. 
the  Horizon  becomes  equal  to  12  Hours;  ;«rbence  itjblkMr^,  that 
that  Scar  never  rifos^orfets  but  only  touches  tbeHorii^oo  in  tbelaw>- 
dk  point ;  and  henoe  it  is  that  all- the  Scars  chat  lye  within  ;  j  de^ 
32min.  00  fee.  <rf  the  North  Pole,  never *iet. at  £aiiAir,  .but  are  al« 
tirays^above  the  Horiaon,  aiid  vifiUe  when  ever  the  Sun  is  below; 
and  on  the  ciontrary,  all  the  Stats  that  1^  within  $  1 4eg.  3.1  min* 
00  fee.  of  the  South  P^,  never  aicend  the  Horizon  of  ImAm,  but 
are  always  below  and  iniriiible ;  and  vkeverfa^  as  all  the  .Stats  that 
lye  within  51  deg-  3  2'<nin..oo(ec  of  the  Southern  Pote^  are  ;iU 
ways  vifihie  to  the  Inhabitants  in  the  Latitude  of  ;  i  deg.  3  z  min. 
00  £ec  Soutb,-wh9n  the  Sun  is  abfent,  io  alfo  all  thofe  Stars  that  ate 
fcituated  within  51  deg*  32  min.  00  fee*  of  the  North  Pole,  aie.al*. 
ways^nvifible ;  and  the  fame  Law  follows  inall  Latiudes  whatfbe^n 

ExMftpH  i. 

Let  it  be  required  to  find  at  what  time  the  Ddg  Star  Syrius  will 
Rife,  Culminate,  andSetat  Undon^  on  the  i%th  oi Dtcemter  tj26, 
the  Right  Afcenfion  o(Sfriusit that  time  being  ^  h.  33  m.o^  f.  and 
the  Declination  16  deg.  20  min.  59  fee.  South. 

The  Stiricgrapbic  Siluim. 

In.ihe  adjacent  Figure  where -ZOiVH  sl 

rwrcfents  the  Meridian,  HO  the  Ho- 
rizon, Z/V  the  Prime  Vertical,  P^-die 
Axis,  and -rfP  the  Equator,  about  the 
point  P  draw  flie  Small  Circle  n  *  w, 
at  the  diftance  of  106  deg.  20  min.  $9 
fee  the  diftance  okSyrius  homtheNorth 
Pole,  acrd  tdhro*  the  Intcrfcftion  *  with 
the  Horizon^  draw  the  Horary  Circle 
PH^S,  then  in  the  Spherical  Triangle 

y*  It 
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r  *  A  arc  given,  the  Angle  r  the  Complement  of  tbc  Latitude,  and 
4^  R  the  Declination  of  Syrius  ;  whence  by  the  former  Method  of 
Calculation,  the  Amplitude  r  *  will  be  found  to  be  t6  dcg-  54 
min.  13  fee.  and  the  Afcenfional  Diflference  "^  Rii  deg/  40  min.  02 
•fee.  equal  to  i  h.  26  m.  40  f.  this  taken  from  T  A  equal  to  90  deg. 
oomin.  00  fee.  or 6  Hoprs,  will  leave -58  deg.  ipmin.  58  fee  e- 
•quat  to  4K  33  m-  10  f.  equal  tP  the  Arch  ui/t^  or  the  half  time 
of  the  Stars  continuance  above  the  Horizon. 

The  Right  Afccnfion  of  the  3un  at  the  time  given  is  18  h-  35  Qi' 
18  r  from  this  taking  the  Right  Afcenfion  of  Sjrius  5  h-  33m  oi$  f. 
there  will  remain  iin*  02m.  12  f.  for  the  time  of  the  Southing,  and 
*thts  leflened  by'4  h.  33  m.  20  T  the  half  time  of  the  continuance  of 
the  Starabove  the  Horizon,  will  give  7h.  58m.  5  2r*  for  the  time  of  cbc 
Stars  rifingjbut  increafed  by  the  ume  Arch  of  Semi-duration,  will  give 
i6h.  3  $  m- .  3  2  f .  tor  the  time  of  theStars  fetting ;  when^  it  appears, 

That  the  Dog  Star  Sjrius  on  the  i2tb  of  December  1727,  riles  at 
7  h.  28  m.  5  2  f  in  the  Evening,  at  the  diftance  of  26  deg.  54  min. 
•I  3  fee-  td  the  Southward  of  the  £aD:  point  of  the  Horizon,  cubni- 
nate&ati2h  02  m.  t2f.andretsati5ht  3)rm.'32rec.  or^h.  35m. 
32  f  nextMomii^,  at  the  Pittance  of  2^  deg.  ^4mjn  13  fee  to 
the  Southward  of  the  Weft  point,  after  it  has  continued  ph.  otf  m« 
^o  f-  above  the  Horicon- .  ^ 

The  Semi-Arch  of  duration  t>eing  thus  found,  the  time  of  itsriiiog, 
.culminating,  and  fetting  at  any  othertime  propofed,may  be  obtained 
as  in  the  former  ExamfUg  by  Addition  and  Subftradion  only. 

From  the  Surs  Right  Afcenfion  and  Afcenfional  Ditfercnoe,  the 
Oblique  Afcenfion  am  Deicenfion  may  be  obtained^  after  the  iamc 
rmanner  as  the  Suns  was,  in  Page  the  itff^,  &£• 

The  Arch  of  half  continuance  of  the  Star  above  the  Horizon  may 
he  inveftigated,  without  regard  being  had  to  the  Aicenfional  Dific- 
rcncc.  .      •    » 

For  in  the  Triangle  *  PO  in  the  firft  Exanfle,  in  Page. 459^*, 
and  in  the  Triangle  ^  ^  *  in  the  fecond  Example,  in  Page  the  4531& 
ure  given  in  each  P(h  ot  MS  the  Latitude  of  the  Place,  and  P  '^  or 
4S  ^,  the  diftance  of  the  Star  from  the  ncareft  Pole,  whence  the  An- 
gle #  PO  in  the  firft  equsS  to  the  Arch  of  the  Equator  *  jg«  and  in 
-the  fecond  the  Angled  5  ^  equal  to  the  Arch  of  the  Equator  ^^, 
may  be  eafily  had  by  the  i  itb  Cafe  ci Rigbe-atigkd  Spherical  Triangkh 
tby  faying,  as  the  Radius  is  to  the  Tangent  of  the  Latitude,  fo  is  the 
IT^ngenc  of  Jthe  Declination^  to  the  Co-fine  of  xhc  Areh  of 'half  the 

tim; 
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time  of  the  continuance  above  the  Horizon,  if  the  Latitude  of  the 
Place  and  Declination  of  the  Star  are  contrary^  as  in  the  2d  Example, 
but  to  the  Co^-fine  of  Supplenent  of  half  tkt  times  ot  contin- 
uances if  the  Latitude  of  the  Place  and  Declination  of.  the  Star  are 
both  the  fame  way  as  ia  phs  firft  Example,  this  half  time  of  continu- 
'  ance  applied  to  the  time  of  the  Southing  as  before,  will  give  the  time 
of  the  rmngj  fetting,  &c.  as  the  (oMowingExamfles  will  make  appear, 
if  the  Reader  will  be  at  the -Fains  to  work  them. 

*  *  ■ 

■ 

fjet  it4Mt  i»quited  M^ad.  the  Ai(nplst(\dej  ttme- of  .Riling,  Cul- 
minating, Setting,  &c.  of  Aldeiaran  at  London^  otl  the  ^oth  of  iVb- 
vemter  i7%6,  the  Right  A£cenfic>n  of  Aldebaran  at  that  time  beibg 
ah.  20 m-  12 r.  and  its  Declination  15  deg.  55 min-  23 fee-  North. 

The  Amplitude  is  2^  deg.  10  xpip.  xojec.  f  North,  the  dm^  of 
theRifingat  tfh.  47  m.  21 C  I,  the  time  of  the  Southing  at  lAh* 
II  m.  32  r  and  the  time  ofth^  Setting  at  2 1  h.  ^5  m.  42  f.  f^  aittec 
ic  has.contim^d  above  theBorixon  14  b  4$  m»  ai  f. 

ExdmpJe  2.,  '.' 

Let  it  be  required  to  find  the  Amplitude,  time  of  Rifing,  Cul- 
minating, Setting,  tXC'  of  the  J^en  s  Heart  Regulus  at  London,  on 
the  6tboi  February  1727,  Che 'Right  Afcenfion  of  Regulus  at  that 
time  berihg  9  h.  53  m«  44^.  and  its  Deciiobtibn  13  deg.  07  mia« 
04  fee  North. 

Anfvier* 

The  Amplitude  is  21  deg-  40  min-  42  fee.  North,  the  time  of 
theJBLifmg  at  4  h.  39nt  j^^f.  ttie^tiflie.of  the  Culmination  at}ii  ti. 
48  m*  45  C  andihe  tioieof  the  Setting  at  JtSlit^  57  m.  54f.  after 
it  has  continued  14  h*  i8jn*  18  £  above  the  Horizon. 

Example  3- 

What  is  the  Amplitude  of  the  ^orfiont  Heart,  and  at  what  time 
will  it  Rife,  Culminate,  and  Set  s^t London,  on  the  i$tb  of  May  1727, 
itsfi^ght  Afceniion  beksg  itf  h*  12  m.  39.  f.  and  its  Declination  24 
deg.  .aSmip.  }i(ec*8otmi. 

Niinna-  Avfu:. 


^55  Ajironomical  Trohlems. 

An(w€Y. 

Its  Amplitude  b  41  deg.  45  min.  37  fee-  South,  the  cioie  o(  its 
Rifing  8  h-  20  m.  35  Tf,  the  time  of  its  Southing  12  h.  00  m.  46  U 
and  the  time  of  its  Setting  15  b.  40  m.  f^f*  1^  after  it  has  cootsfi' 
ued  above  the  Horizon  7  h*  20  m.  21  f^ 

Exan^U  4« 

What  is  the  Amplitude  o(Ca/hr,  and  at  what  time  wiUic  nfir, 
cnlmihate,  and  fer,  &c*  zt  London,  on  the  tftdDocemhr  1716,  its 
Right  Afcenfion  being  7  h.  17  m«  03  f.  and  its  DediiuytoiD  ja  dcg* 
27  min-  op  (cQ*  Norths  ' 

jinfwer. 

Its  Amplitude  is  5pdeg.  i^  min*  4|  fee  North,  the  time  of  its 
rifiDg  is  at  4h.  24m.  29  Ci,  the  time  of  its  culminating  at  igh.  ^jm. 
10  f.  and  the  time  of  its  (etting  at  23  h.  29  m*  jo  f.  after  it  has  coo- 
tinned  above  the  Horizon  xph*  05  m^  21  (• 

Examfle  f  • 

What  is  the  Amplitude  ofSpica  Virgihii,  and  at  what  time  does 
itrife,  culminate,  and  fet  zt  London,  00  the  i^th  of  Mkrd  1727,  its 
Right  Afcoifion  being  13  h.  xo  m-  48  f.  f,  and  its  Dedaatioo 
^dcg^  43  ^i^-  ^3  fcc.^South« 

AnfwiT^ 

Its  Amplitude  is  1 5  d«g'  45  mio.  1 2  (ec.  Souths,  the  cine  of  its 
rifing  at  2  h.  57  m.  5 1  f- 1,  the  time  of  its  Southing  at  9  h.  47  m. 
40  fee  ft  and  the  time  of  its  fettingat  16  h.  37  m.  2p£  ^,  after  it 
has  continued  13  h-  39  m>  38  f.  above  the  Horizon. 

Exan^  6* 

What  is  the  Ani^itude  of  Syrim,  and  at  v^htit  time  will  it  ri&, 
culminate,  and  fet  at  London,  on  the  20^^  of  November  1726,  its 
Right  Aficenfion  being  d  h-  33  h*  06  C  and  its  Dedinadon  16  deg. 
20  min.  59feCvSottth» 

Anfwer. 

Its  Amplitude  is  2tf  deg.  54  min.  rjfec.  South,  the  time  of  ks 
rifing  at  9  h.  ^8  m.  oal^  thetimeofitsSouthiogaCHh.  ini*tii^ 
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aud  the  time  of  its  fetring  at  18  h«  34  m.  42  f.  after  it  has  continu- 
ed 9  h.  6  m.  40  f  above  the  Horizon. 

it  it  were  required  to  find  at  what  time  the  fame  Star  Syrius,  will 
rjfej  culminate,  and  fet^  &c  on  (the  fame  Day  in  the  Latitude  of 
$  I  deg.  3  2  min.  00  kc.  South. 

Becauft  the  Latitude  and  Declination  are  both  Souths  theSemi- 
vifible  Arch  of  the  Star  will  be  7  h-  26  m-  40  f.  and  confequently 
jt  will  rife  at  tfh.  34m*  42  f.  culminate  at  14  h.  oim.  22  f  and 
fet  at  21  h  28  m.  02  r  and  the  fame  Law  muft  be  observed  in  all 
the  other  Stars. 

Afrer  the  fame  mannen  may  the  time  of  the  rifing  andifetting  of 
any  of  the  fuperior  Planets,  as  Saturn,  Juftter  and  Mars,  be  de- 
termined, but  to  pronounce  the  exaft  time  of  the  rifing  and  fetting 
of  any  of  the  inferior  Planets,  as  Venus ^  Mercury,  or  the  Moon,  e- 
fpecially  the  latter,  their  places  in  the  Heavens  muff  be  found  as 
near  as  poffible,  to  the  times  when  thofe  Appearances  will  happen'; 
for  by  Reafon  of  their  fwift  Motion  thro'  the  Zodiac^  with  refpeft  to 
the  fixed  Scars,  their  variations  of  Right  Afcenfion  and  Declination 
are  fo  great,  during  one  diurnal  Revolution,  that  unlets  proper  Al^ 
lowances  be  madetof  them,  the  Errors  in  the  times  will  be  very  con- 
fiderable  i  and  to  fet  the  young  Beginner  right  in  his  Methods  of  In- 
veiUgation,  I  (hali  give  an  Example  of  the  Moon,  (he  being  thefwift- 
eft  0?  all  the  Planets  in  general. 

Let  it  be  required  to  find  the  time  of  the  rifing,  culmination,  and 
fetting  of  the  Moon  at  London^ ,  on  the  i^th  Day  of  December  17  21. 

On  the  2^th  Day  of  December  172 1,  at  Noon,  ajccording  to 
Mr.  FlamfteeJs  Lunar  7ables  in  his  DoShine  of  the  ^bere^  printed  in 
the  Tear  xtf  80,  which  Book  will  be  foon  Re-publiihed  with  his  New 
and  Correft  Tables,  the  Moon  will  be  in  Leo  16  deg.  08  min.  54 
(ec-  having  3  deg  00  min.  00  fee-  North  Latitude,  whence  accord- 
ing to  the  I fi  Problem  oi  this  SeSian,  her  Right  Afcenfion  will  be 
J39  deg.  38  min.  iofec>>  equal  to  9  h-  18  m.  33  f.  and  her  diftance 
from  the  North  Pole,  or  Complement  of  her  Declination  7 1  deg- 
c  tf  min.  50  fee 

At  the  fame  Time  and  by  the  fame  TaUes,  the  Sun  will  be  found 
to  be  in  Cafricorn  14  deg-  57  min.  44  fee  whence  According  to  the 
jft  Problem  ot  the  former  SeShon,  his  Right  Afcenfion  will  be  found 
to  be  iph.  04  m.  59  f. 

Wherefore  to  find  the  time  of  the  Moon's  Southing, 

From  che  Right  Afcenfion  of  the  Moon  ph*  18  m-  33  f  plus  24 
Hours,  take  the  Right  Afcenfion  of  the  Snn  19  h*  04  m.  59  f  the 
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Remainder  i  4  b.  13  m.  34  f-  will  be  the  time  olf  die  Moons  Cul- 
mination. 

Aqain  by  the  ifi  Cafe  dl  the  zdProtlem  of  the  (ormet  SeBim^  the 
Moons  Afcendonal  Difference  will  be  found  to  be  i  h.  42  m-  01  f. 
this  added  to  6  hours  becaufe  her  Declination  is  Korth,  gives  7  h. 
4a  ra.  01  f.  for  her  Semi-vifible  Arch,  or  half  the  time  of  her  con- 
in  uance  above  the  Horizon,  this  therefore  being  fubflraded  from 
he  time  of  her  Culmination  14  b.  iz  m«  34 '*  ^^  leave  tfh.  31m. 
33  f.  for  the  time  of  her  rifing,  and  the  fame  Semivifible  Arch  of 
7  h.  42  m.  01  f.  being  added  to  the  time  of  her  Culmination  14  b. 
13  m.  34  f  will  give  aik  55  m.  sjf.  for  the  time  of  her  fctting ; 
thcfe  times  for  Diftinftion  fake  1  call  the  Mean  Times  of  her  rifing, 
culmination,  andfetting,  whence  to  obtain  the  True,  becaufe  of  tlic 
great  velocity  of  the  Mbon,  which  by  mean  Motion  between  Koon 
and  the  time  of  the  raeau  Tranfit  is  7'deg.  51  min.  and  fo  proporti- 
onally between  Noon  and  the  mean  Times  of  her  rifing  ;ind  fctting 
•To  each  of  thcfe  times  let  the  placejof  the  Sun  and  Mooo  again  be 
Calculated,  and  by  the  fameTablcs  the  Moon  at  i4h.  i3ra.  34^  the 
time  of  the  mean  Culmination  will  be  founds:©  be  in  Leo  23  dcg. 
1 1  min-  s8  fee  having  3  deg-  30  min  .4J  fee*  of  North  Declination ; 
whence  by  the  {itHProl^lem  of  this  SeElion,  her  "Right  Afcenfion  will  be 
found  to  be  145  deg.  45niin.  05  fee.  equal  to  jh.  47m-  00 Cf,  and 
her  Declination  North  17  deg.  07  min-  28  fee- 

The  f  lace  of  the  Sun  «at  .i4h-  1^  ra.  34  f.  is  Cafricorn  ik  dcg, 
J4  min.  03  fee-' whence  his. IVig^^  Alcenfion  ^^bsding  to  lii^  id 
Problem  of  the  former  SeBion  wiUbe  ig  h-  y.m.  \^t  f. 

Wherefore  to  find  the  triie  time  of  the  Culmination. 

From  the  Right  Afceafion .  of  the  Moon,  in  this  Cafe  9  h.  47  m. 
00  fee.  2  plus  24  Hours,  take  the  Right  Aiceniion  of  the  Sun  iph; 
07  m*  34  C  T,  the  Remainder  14  h.  39  m,  a^  f  will  be  the  true 
time  ok  the  Southing. 

The  Place  of  the  Moon  at  (f  h-  3 1  m.  33  f.  the  mean  time  of  bcr 
rifing  will  be  found  to  be  in  Leo  19  deg.  22  min.  32  fee.  apd  bet 
Latitude  North  3  d^ .  14  m-  a8  f  whence  by  the  ift  Problem  of  rhis 
SeBioHy  her  Right  Aicenfi#n  will  be  142  deg.  52  min.  19  fee- equal 
to  ph.  31m.  2pf.  and  her  Declination  .18  deg.  o5min.  47 fee. 
North,  and  confequently  by  the  id  [Problem  of  the  lall  SeEtioHy  her 
Afcenfional  Difference  will  be"  found  to  be  i  h.  37  m.  jj  f*  this 
therefore  added  to  6  Hours,  becaufe  bcr  Declination  is  North,  wilj 
jive  7h.  37m.  15  f  for  the  difference  between  the  Right  Afccn- 
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fion  of  the  Moon  and  the  Mid-Heaven  at  the  time  of  her  rifing,  and 
therefore  being  fubftracled  from  the  Right  Afcenfion  of  the  Moon  at 
that  time  equal  t«ph-  31  m;  29  f.  will  give  1  h.  54  m.  14  f  for 
the  Right  Afcenfion  of  the  Mid- Heaven,  or  degree  of  the  Equator 
under  the  Meridian  at  the  time  of  the  Mopn's  rijipg. 

The  Sun  at  6  h  31m.  33  f.  is  in  Capyuorn  isdeg  14  rain.  21 
fee.  whence  his  Right  Afcenfion  will  be  found  to  be  ip  hou.  odmin, 
ID  fee.  wherefore  to  find  the  txzik  time  of  the  Moon$  rifing. 

From  the  Right  Afcenfion  of  the  MidHe^Mcn  before  found,  i  h* 
54m.  .14C  fubffraft  the  Siia'sfiight  Afcenfion  iph-  06m.  lof.  the 
Remainder  d  b*  4  8m«  04  C  will  be  the  true  time  of  the  Moons  ri- 
fing, and  by  tlie  2d  Problem  of  the  former  SeBion,  from  her  Decli- 
nation 18  deg.  Q^min,  47  fee  Nottb,  and  the  Latitude  of  the  Place  . 
5 1  deg.  32  min-  06  fee.  her  Amplitude  will  be  found  to  bej  2^  deg. 
59  roin«  10  fee.  North. 

Ag4in,  at^i  h.  J5  »•  35  f  :.themeanTinie  of  the  MoonVfet- 
ting,  the  Sun  will  be  found  to  be  in  Capricorn  ij  deg.  53  min.  45  . 
fee.  whence  his  Right  Afcenfion  will  be  found  to  be  19  h.  8  m.  5  j  f. 
and  at  tiie  fame  time  the  Moon's  Place  will  be  found  to  be  in  Lev  2  7:  • 
deg.  PI  min«  21  fee.  ihe  having  at  that  time  3  4eg*  46  min.  13  fee 
North  i-atitiide;  vhenceby  the  ifi  Proi^lem  o( tkh  SeSimhcs  Right 
Afcenftoa  will  jic  150  deg.  3:4  min-  ixfec.  equal  co  lob*  01  m» 
i7f.  wdli«r  Declination  i5deg.  03  min.  5 7 lee.  North,  andconr  - 
feqwenriy  by  th^.i^d  PMUm  of  tb^  iotmcv  SeElioK,  her  Afcen^on-  - 
al  D!ifeet?w:?jwijl\t«.ih.  ^s  m.  qjlX.  wbigh  being  fu^ed  to  fix 
Hours,  wiWgiirt^7hvij  w-  oif-  for  the  Difierenc?  of  the  Right 
Afcenikm  oi  the  Moon  and  the  Mid*Hcftven  at  the  ^ime  of  her  rj<- : 
fing  :  ^isihei^efore  added  to  the  Moons  Rjglit  Afcenfion  at  xhii 
time  %ph'  otm?  jyi'  will  give  ijii-  27  m.  ».8  f.  jor  the  Riglit 
Afccnftoe  pf  tfecjMid-HeiaYen,  from  whi?h  taking  away  the  Right 
Afcenftoo  ^f  thip^un  before  fowd  equal  to  j^  h-  o8ra.  59  f  (24  h, , 
being  firft  4djd.ed  tothe  Rigt^Afcenfionn  of  the  Mid-Heaven)  the  Re- 
mainder %7.  h.'-:!'?  m.  i9f*  will  be  the  triie  time  of  the  Moons  fetting.  . 
Aad>^caufq  JxefPecitQatiQn.atthattimeis  16^  3'  57"N.herAmpli-. 
tnde  wtllbc fowd  byihp  ^dPrQ$.of,thc  lajl SeB. lobe  26^  24'  J7  'N. 
V/henceit  appears,  that  upon  .the  2^tb  My  o(  December  17^*^  the. 
will  rife  at  6  h.  48  m.  04 1.  29  deg.  59  min.    10  fee-  to  tlie  North-* 
ward  of  the  Eaft,  that  ihc  will  tranfit  the  Meridian  at  \^h.  39  m, 
25  f.  andfetat22h.   18  m.  19  f.  at  the  diftance  of  2^  deg.  24  min 
57  fee,  tothc  Northward  of  the  Weft  point  of  die  Horizon,  after-  fhe 
lias  continued  above  the  Horiiion  15  h.  30  m,  15  f.  during  which 
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time  the  dificrcncc  of  her  Amplitude  arifing  from  the  Alteration  of 
Declination  is  3  dcg.  34  min-  13  fee  and  the  difference  of  time  be- 
C'veen  the  rifing  and  the  tranfit  greater  than  theSpace  of  time  between 
the  tranfit  and  the  Cctting,  by  la  m.  19  (. 

If  greater  Exadnefs  be  required,  the  Places  of  the  Sun  and  Moon 
muft  be  Re-calculated  to  the  times  laft  founds  and  the  whole  O- 
pcration  be  repeated  over  again ;  but  the  Corre&ion  in  this  Cafe 
would  be  fo  very  fmall  that  it  may  be  totally  rejefted 

For  tho  in  the  Space  of  14  hours  and  a  quarter,  the  time  of  the 
mean  Southing  in  the  former  Example^  the  Difierence  of  Right  Af- 
cenfion  arifmg  from  the  Excels  of  the  Moons  diurnal  Motion  above 
the  Sun's,  (which  according  to  meanMotion  is  i  li  degrees  in  a  Diy) 
be  oh.  asm.  53!.  yet  in  the  fpace  of  half  an  Hour^  itdoesbot  a- 
mount  to  a  minute  of  Time,  and  crafequently  in  a  lefs  Space  of 
time  than  that,  it  in  a  manner  vanilhes. 

And  'tis  upon  this  Account  that  in  computing  the  time  of  the  ri- 
fing and  fettingof  the  Sun,  no  regard  is  had  to  his  diurnal  meanMo* 
tion  which  is  59min-  08  fee.  that  is,  about  15  minutes  in  6  hours 
or  a  Semi-Equatorial  Day,  for  the  difterence  of  Declination,  upon 
which  the  rifmg  and  fetting  depends,  when  the  Sun  is  near  the  So  - 
dice,  in  this  Space  of  time  caufes  fo  fmall  an  Alteration  in  the  Af- 
cenfional  Difference  that  it  is  next  to  nothing,  and  at  the  time  when 
tlie  Sun  is  near  the  Equinox,  tho'  the  Variation  is  then  the  greateR, 
yet  in  all  Places  within  60  Degrees  of  the  Equator,  the  Error  never 
amounts  to  more  than  a  minute  of  Time ;  and  as  it  gives  the  time  of 
the  riiing  of  theSun  fomething  fooner  than  it  ought  to  do,  when  theSun 
i^  in  the  firft  and  third  Quadrants  of  the  Ecliptic,  and  the  contrary 
when  he  is  in  the  fecond  and  fourthQuadrants,  fo  it  gives  the  time  of 
the  fettine  (ooner  and  later  than  it  ought  to  do,  according  as  tbe  Sun 
is  in  the  nrft  and  third,  or  fecond  and  fourth  (^(uadrants,  and  coo- 
fequently  makes  the  Length  of  the  Day  and  Night  nearly  the^me. 
as  whit  it  ought  to  be,  and  the  Difference  is  fo  fmall,  as  the  In- 
duftrious  Rea^r  miky  fee,  if  he  will  be  at  the  Pains  to  cooapiite  the 
Sun's  Declination,  and  thence  his  Afcenfional  Difference,  &c.  at 
the  time  of  his  rifing  and  fetting,  that  for  all  common  Ufes  it  may 
fafely  be  rejefted,  tho  in  the  Rri&cft  Seace  it  ought  to  be  confidered. 

For  the  ready  obtaining  the  time  of  the  Southing  of  the  Moon, 
or  any  of  the  Planets,  J^rommers  form  Tables  (hewing  the  Right 
Afcenfion  to  every  Degree  and  Minute  of  the  Ecliptic  with  Tables 
<^PaosTAPKJ£aB$is  to  every  Degree  of  Latitude  within  the 
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2<Hliac  (which  may  be  readily  computed  by  the  help^of  the  ifi  Pr§- 
hUm  this  of  Si£iion)  {hewing  how  much  muft  be  added  to^  or  fub<* 
ftraftcd  from  the  fimple  Right  Afccnfion,  according  a$  theJLati* 
tudc  is  North  or  South,  to  obtain  the  true  Right  Afcen/ion  ;  sM  to 
obtain  the  dmes  of  their  rifings  and  fctting,  they  compute  Tables 
{hewing  the  Degrees  of  the  Equator  that  afcend  and  defcend  with 
any  point  of  the  Sdiptic,  in  the  (ame  Place,  with  Tables  of  Proftar 
phatifisf  {hewing  how  much  mu{t  be  added  to,  or  fubftraded  from 
the  umple  ObliqueAfcenfion  or  Defcenfion,  according  to  the  Quan- 
tities of  the  Latitude,  to  obtain  the  true  Oblique  Aicenfion'andDe* 
fceniion  i  as  alfo  Tables  for  obtaining  the  true  Amplitude,,  fo  that 
by  the  help  of  a  good  EphemeriJes  of  the  Planets  Motions  and  thefe 
Tables,  the  true  times  of  the  Rifings,  Culminations,  SettingSt  and 
Amplitudes  of  the  Planets  may  be  obtained  by  Infpeftion  only* 

In  the  Calculation  of  the  times  of  the  Rifing  and  Setting  of  the 
Moon  iathe  former  Examflty  there  has  no  regard  been  had  to  her 
horizontal  Parallax,  or  the  Rcfraftion  of  the  Medium  thro*'  which 
the  Rays  muft  pafs  ;  but  the  times  there  deduced  are  the  true  times 
when  the  Center  of  the  Moon  arrives  at  the  Eaftem  and  Weftcm 
Sides  of  the  Horizon  ;  but  in  order  to  obtain  the  true  times  of  the 
^ble  and  apparetit  Afcent  and  Defcent  ol  her  Center  above  or  be- 
low the  Horizon,  regard  mu{l  be  had  to  both  her  horizontal  Paral- 
lax and  Retra&ion ;  (or  as  by  the  Refradion  the  Planets  appear  at  a 
lefs  diftance  frem  the  Zenith  than  they  really  are,  as  will  be  made 
appear  in  the  latter  part  of  this  SeHhn,  fo  by  the  Rcfradion  they 
arc  made  to  appear  at  a  greater,  and  confequently  by  compounding 
of  thefe  two  together,  we  have  the  true  diftance  of  the  Moon  from 
the  Zenith,  or  her  true  Altitude  abovcor  Dcpreffion  below  the  Ma- 
thematical orTrue  Horizon,  whett  (he  begins  to  appear  or  difappear. 
Let  it  therefore  be  required  to  find  in  the  prefentC^yi,  the  true  times 
when  the  Center  of  the  Moon  will  vifibly  appear  upon  the  Eaftern 
LJrffii  of  the  Horizon,  or  the  true  time  when  her  Center  will  aopa- 
renilyRife,  her  horizontal  Parallax  being  S4ipin-  50  fee  anclRe- 

fradion  33  min.  45  fee  •     .  >        .v 

Now  becaufe  as  Ihe  is  deprefled  by  Parallax,  and  rais  d  by  Re- 
fraaion,  their  Effcfts  will  be  always  contrary,  therefore,  if  from 
the  horizontal.  Parallax  54min.  50  fee.  be  taken  the  horizon- 
tal RefraQion  33  min.  45  fee.  the  Remainder  21  min.  05  lee  will  be 
the  true  Altitude  of  the  Moon  above  the  Horizon,  when  her  Center 
firft  begins  to  appear,  and  confequently  to  find  the  Difference  of  the 
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Right  Afccnfions  of  the  Moon  and  the  Mid-Heavcu,  at  the  time  of 
hec  apparent  Rifing  we  have  given,  the  latitude  oi  the  Place  5  idcg. 
32  min.  thcMoons  Declinarion  before  found  18  dxg*  07  min-  46  fee. 
and  the  true  Altitude  of  the  Moon  ai  min.  05  fee  whence  by  the 
1  ith  Cafe  of  Oblinue-angled'  Spherical  ^Hangksy  the  Horary  Arch 
will  be  found  to  be  113  deg.  jp  min.  44  fee.  equal  in  Time  to  jh. 
34  m.  3pn  which  taken  from  the  Right  Afccnfion  of  the  Moon  a: 
thlttimeph.  31  m.  apt  will  give  i  h,  ydm.  jof,  for  the  Right 
Afcenfion  of  the  Mid-Heaven  at  thetirtie  required,  fiolB  which  tc- 
duding  the  Sun*$  Right  AfctniSon  at  that  time  ip  h.  06  m.  lof.  wc 
fiiali  have  6  h.  50  m.  '40  L  for  the  ttattitee  wheh  the  Moon's  Cen- 
ter appears  to  afcend  the  vinble  Horizon,  liter  tlian  the  time  of  her 
real  Afcent  above  the  true  tiorizon  befort  deduced  by  2  mio.  36  fee. 
After  the  fame  manner  may  the  rime  of  her  apparent  S^ng  be 

;  found,  and  if  the  Altitude  before  found  bcfecrcafcd  or  diminiflied 
by  her  horizontal  Semi- Diameter,  which  Ih  the  ptdent  Cafe  fe  14m. 
5  2  f.  and  the  Operation  repeated  we  Ibali  have  the  true  times  of 
the  apparent  Afcent  or  Defcent  of  the  Moon's  Limbs  abore  or  below 
the  Horizon. 

As  the  Eflfeas  of  the  Pirallax  and  Refraftion  arc  always  con- 
trary, if  thefe  happen  to  be  equal,  then  the  true  time  of  the  Riiirg 
and  Setting  of  the  Center  or  either  Limb,  will  be  the  true  times  ot 
the  apparent  Rifing  or  Setting  of  the  Center  or  the  fame  Limb,  but 
if  the  keiraSion  exceed  the  Parallax,  then  the  difTerence  ibews  the 
Oepreffion  of  the  Moon  below  the  true  Horizon,  when  the  Mooa 

'  jirft  begins  to  appear,  and  in  this  Cafe  it  mnft  be  added  to  po  deg 

'  0%  min.  00  fee.  to  obtain  the  true  Zenith  Diftance. 

From  this  Error  of  Altitude  ari/lng  irom  the  horizontal  Pkrallax 
and  Refra&ion  there  will  ariie  ah  Error  in  the  Amplitude,  and  in 

-order  to  obtain  the  apparent  Amplitude,  or  vifible Difiance  that 
the  Moon  will  rife  from  the  Eaft  point  of  the  Horizon,  wc^  have 
given  as  before,  the  Latitude  51  deg  31  min.  00  fee  the  Dona- 
tion of  the  Moon  18  deg.  otf  min.  ^6  fee-  and  her  Zenith  Dtftance 

:8pdeg.  38  min-  55  fee.  whence  her  true  Azimuth  from  the  Meridi- 
an will  be  found  byche  nth  CafeofOiUque-angledSpbericallriangh^^ 
CO  be  ^odeg.  31  min.  14  (ec.  and  confequenrly  her  apparent  Am 
plitude,  or  vifible  diftance  thai^fhe  Rifes  6x>m  the  Eatt  will  be  19 
dfg«  a8  min.  3d  fee.  lefs  than  is  given  by  the  former  CalcuUition  by 
%  o  niin*  34  fee* 


i^ 
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This  Method  of  allowibg  for  the  Parallax  and  RefraAion^  in  comr 
puting  the  true  l^imes  of  th^  rifing  and  fetting  of  the  Sun^  Moon 
and  Stars  is  not  taken  Notice  of  as  I  can  remember,  by  the  Writers 
upon  this  SubjeA  ^  and  tho'  the  Difierence  ari(ing  from  it  be  but  fmalty 
yet  as  the  great  End  of  all  our  Enquiries  is  to  come  as  near  the 
Truth  as  may  be,  and  that  the  eza&  time  of  the  Moon's  rifing  and 
fcttmg  may  be  requifite  fometimes,  in  order  ?o  pronounce  whether 
an  Eclipfe  of  the  Moon  or  an  Occukation  be  vifible  or  not  at  a 
given  Place  j;  I  judged  it  would  not  be  unacceptable  to  thp  Ingenious 
Reader.  , 

Prob.   VL 

Given  the  Latitude  of  the  Place,  the  Declination  of  a  Star,  and  its 
Right  Afccnfion,  together  wirh  the  Day  of  the  Month,  to  ifind  the 
Stars  Altitude  and  Azimuth,  and  the  time  when  it  will  appear  upon 
the  Six  a  Clock  Hour  Circle.  ^ 

Example 

Let  it  be  required  to  find  at  what  time  ^r^ri^y  will  appear  upon 
the  Six  a  Clock  Hour  Circle,  and  what  ^ill  be  its  Height  and  Azi- 
muth at  London,  111  the  Latitude  of  ji  deg«  33  min.  00  fee.  I^orth, 
on  the  firft  of  April  in  the  Year  172^9  the  Right  Afcenfion  o(  ArStu-^ 
rus  at  that  time  being  14  h.  03  m,  11  £  and  its  Declination  20  deg: 
38  min.  4yfec.  North. 

7he  Stereografhic  Solution, 

Having  drawn  the  Meridian  iONH^ 
the  Horizon  HOj  the  Prime  Vertical 
Z  Ny  the  Axis  P  5,  the  Equator  AQ^^, 
and  the  Parallel  ot  the  Stars  Decli- 
nation /I  *  c,  according  to  the  Direc- 
tions given  in  the  Xz^^oblem,  and  thro' 
the  Interfeftion  *  oJ  the  Parallel  «  *  c, 
and  the  Six  a  Clock  Hour  Circle  P*S^ 
and  luiving  drawn  the  Vertical  Circle 
Z  *  ivi  then  may  ^R  the  Altitude  of -rfr- 
Burushc  meafured hyCafe  the  lioiProh. 
the  ^tby  ofSeB  the  2d  of  Part  the  4fA, 
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and  RO  the  Auomtb  from  the  Merldiaci  may  be  neafiifcd  by  Caff 
the  a^  oC  the  fame  PfoUenu 

Logarithmkaiy,  or  iy  Cakulaihff 

'  In  the  Right-angled  Spherical  Triangle  r  A  :*^  Rigfac-'an^ed  at 
R  are  given^  T  *  the  Pcclination  oiArEiurus  20  deg.  jS  min,  45 
Ice.  North,  and  the  Angle  *  T  R  equal  to  the  Arch  Pt>,  equal 
to  the  Latitude  ot  the  Place  51  deg.  ja  mln.  00  tec  wh^ce  to 
find  the  *  /J  the  Altitude  ofArSfuru^,  Jt  will  be  by  Z^fe  the  y<*  of 
Right^ngkd,  &c- 

As  ii:S.<*ri{:  rSlrif  :S.#il;  that  fe, 

A-S  the  Radius-^    '    ■         ■    1  lo^        ,         ,  10.0000000 

To  the  Sine  of  the  Latitude  of  the  Race  $1^3  a*oo*-—^~-^p.893  745  a 
'  So  is  the  Sine  of  the  Secliaation  20-38-43  ■%      P*547iyp} 

To  the  Sine  of  the  Altitude  15.01.30l —  >■>- 9.441004; 

a.  To  find  the  Azimuth  from  the  Meridian,  it  will  be  by  Cafe  the 
4/*  of  Ri^ht-aagled,  &c. 

AsiL:cs,<#rilr  :  t,  *  Y  :  t,  TA;  that  i«. 
As the^ Radius r'**''^^ '"^^'**^ -*"*-— ^  ■    >     .  — ■   loooooooo 


To  the  Co-fine  of  the  Latttade  of  t^PUce  5  i.}2-oo—p  7938917 
So  is  the  Tangent  of  the  Declination  20.38:41. —^-^9.5  7^1849 

r 

To  the  Co-tang,  of  the  Azim.from  the  Mferid.  76.%%^^^  9^699166 

And  bccaufc  as  has  been  already  detennined,. the  Star  Arawut 
win  appear  upon  the  Meridian  op  the  i/f  of  ^i7  at  ixh.  jput  osC 
if  from  la  h.  19  m.  05  f.  be  taken  dlJours,  the  Remtnidar  tfh. 
39  min,  oj  fee.  ibews.  the  time  when  the  Staf  will  appear  qeoa  die 
Six  a  Qock  Hour  Circle  in  the  Eaftein  Semicirde,  aad  iftViah. 
39  n».  0$  1.  be  added  6  Hours,  the  Sum  gives  the  timewbai  the 
fame  Star  will  appear  upon  the  Sixa  Qock  How  Ciide  iodic  Weft- 
em  Semicircle-  . 

Whence  it  app^rs^  that  on  the  ifidiAtfil  17**,'  the  Sac  i<rc- 
tutui  will  be  upon  the  Eaftem  Side  of  the  Six  Ax  Qock  Hour  Occle 
at  <5  h.  39m.  OS  f.  when  its  Azimuth  will  be  North  75 deg.  48 min. 
33  fee  jEaft,  prEaft  by  North  nearly;  and  again,  upoothe  Weft- 
cm 


em  iSide  of  the  fame  Circle  at  x8  h.  39  m.  0$  f.  when  ks  Azimut  h 
will  be  Korth  76  dec-  48  min*  33  fee  Weft,  or  Weft  by  North 
nearly ;  at  eath  of  mich  txmes  its  Altitude  wiU  be  16  deg.  01  mia^ 

3 1  fee. 

And  becatife  tbe  Right  Afceniion  and  Declinatfoii  of  the  fame  Stat 
remains  neatly  the  fame,  the  Altitude  and  At;hmith  of  that  Star 
upon  the  Six  i  Clock  H^or  Circle  will  be  nearly  the  fame,  ami  con- 
fequently^  the  diurnal  Difference  of  the  times  will  be  equal  to  the 
diurnal  Dificrence  of  the  Sun's  Right  Afcenfion. 

Exatapk  2.' 

At  what  time  will  Aldeiaraa  appear  upon  the  Six  a  Clodt  Hoctr 

Circle  at  hanion^  on  the  %otb  of  Nrumher  1726^  and  what  will  be 

its  Height  and  Azimuth  at  that  timc/the  Right  Afcenfion  of  Al- 

diharan  being  4  h-  aom*  12  f»  an4  its  Declination  15  deg,  '$5  min.\ 

13  fcc^  Nordi. 

A^fwer- 

k  wUlapf^ar  uponthe  Eaftem  pan  of  the  &ix  a Qock  Hoar  Cir« 
deat  6  h.  1  ivi.  32  f.  when  its  Azimuth  will  be  Eaft  10  deg.  oz 
rsaa.  ^  fee .  North,  and  upon  the  Weftcra  part  at  ^8  h.  1 1  m-  3  ai. 
wfaea  its  Azimuth  will  be  Weft  *o^g  oj  min.  46  fee.  NortJb,  at^ 
each  of  which  times  its  Altitude  will  be   ladeg.  34  mia  1 4  tec.  ?. 

Example  3. 
At  what  time  'drU&Regiihs  appear  upon  tlie  Sot  aQock  Hour  Circle 

at  Lmdon,  on  the  6th  of  Bifuari  1727*  an<*  ^*«  't-^"  ^  *55  *Y*8"'' 
and  Azimaih  at  that  thne,  the  Right  Afcenfion  of  Refttliu  hem 
j>h.  53  °»-  44f.  and  its  DccHnatidn  13  deg.  tjvaxi  04  fee.  North. 

l#«rflaM«aruj»«nd»EafteinpaKflt  tfh.  «  m-  ij  f  wheft  its 
A«»a«hZSJbe  N«ih  81  deg.  |8min-,4«  &«.  Eaft,  «n«\»PO?the 
VMkm  part  at  i«  h-'  f  1  m.  15  f.  when  VBs  Aamuth  will  be  North 
gVd^  3«  fflitt-  4i  ^^  Weft,  at  eKh  of  which  time*  ics  Height 
willbeiodcg.  annin.  53  f'^<='^- 

ExmMfli  4* 

A.  .-i«H.*:-t.(«i;y-iCi4«ir  aooeac  UDoa  dwSiz  aCIock  Hour  Circle 


DtitiiAtr 


nxtrai 


oj  f.  and  its  Declination  %%  deg.  27  mm.  09  fee  North-       ^^^^ 


i  " 
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Anfwer. 

Cafior  will  appear  upon  the  ^aftern  pare  of  the  Six  a  Clock  Hout 
Cirple  at  4hv02m.  5of  its  Azimuth  at  that  time  being  North  68  dcg. 
a5  min..  04  fee.  Eaft,  and  upon  the  Weftem  part  at  16  h.  2  m  50  f. 
when  its  Azimuth  will  be  North  63  deg^  3  5  mim  04  fee-  Weft,  at 
each  of  which  times  its  Altitude  will  be  24  deg.  50  min.  57  fee* 

Example  j," 

At  what  time  will  the  Bright  Star  of  the  Eagle  be  upoB  the  Six  a 

Clock  Hour  Circle  zi  London^  on  the  i%th  oi  May  1727,  and  what 

will  be  its  Height  and  Azimuth  at  that  time^  the  Right  Afcenfion 

of  the  Star  being  19  deg.   3  7  min.    20  fee*  and  its  Declinatioa 

^  ocg.  10  min. ,  i  fee.  North. 

Anfvier 

The  Bright  Star  of  the  Eagle  will  be  upon  the  Eaftem  part  of  the 
Six  a  Clock  Hour  Circle  at  8  h.  36  m*  05  C  when  its  Azimuth  will 
be  North  84dqg;.  53  min.  5$  fec*Eaftj  andiipon  th<  Weftem  part 
at  23  deg  50  min*  45  fee-  wheil  the  Azimuth  will  be  Weft  5  deg. 
6  min  5  fec^  Nonh,  at  each  of  which  times  its  Altitude  will  b: 
6deg.  23  min.  10  lee. 

Example  6. 

At  what  time  will  the  Head  of  Andromeda  be  upon  the  Six  a  Clock 
HourCitcle  zt London y  on  the  loth  oi  September  1726,  and  what 
will  be*  its  Height  and  Azimuth,  the  Right  Afcenfion  of  the  Star 
at  that  time  being  23  h.  54  m.  13  C  and  its  Ikclination  27  dcg; 
34  min.  12  fee.  North. 

Anfwer^ 

It  will  be  upon  the  Eaftem  part  at  6  h.  00  m.  41  f.  when  its  Aii- 

muth  will  be  North  72deg  oomin.  24fec.  £aft,  and  upon  the  Weftem 

^art  at  18  h*.  00  m.  41  r  when  its  Azimuth  will  be  North  72  deg. 

00  min   24  fee  Weft,  at  each  of  which  times  its  Altitude  will  he 

21  deg.  14  min*  50  fee.     - 

^  '  Example  7. 

At  what  time  will  the  Bright  Star  in  the  Bdrf  be  q^on  the  JSix  a 
Qock  Hour  Circle  at  L^ndon^  on  the  lotb  of  Seftember  17169  and 

what  will  be  its  Height  and  Azimuth  at  that  timcj  the  Right  Af- 

cco- 


\ 
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ccnfion  of  the  Star  being  18  h.  27  m-  3^  (*  aa4its  Declination jS 
deg.  3  3  i^ii^'  '^^  f^^*  North. 

AnPmer. 

It  will  be  upon  the  Eaftern  part  of  the  Six  a  Cfock  Hour  Circle 
at  II  h    27  m.  1 8  f., when  its  Azimuth  will  be  North  6^  dcg-  37 
min.  56  fee.  Egft,  and  upon  the  Wellcra  part  at  33  h.  27  m.  18  i.- 
when  its  Azimuth  will  be.  North  63  deg.  37  min.  5^  fee- Weft,  at 
each  of  which  times  its  Altitude  will  be  29  deg^  1 2  min.  ^  i  fee- 

Prob/   VIL 

Given  the  Latitude  of  the  Place,  the  Day  of  the  Month,  the  De- 
clination and  Right  Afcenfion  of  a  Star,  to  find  the  Altitude  of  the 
Star,  and  the  time  when  it  will  appear  due  Eaft  or  Weft. 

Examjfk' 

At  what  time  will  ArSiurus  appear  upon  the  Prime  Vertical,  or 
due  Eaft  or  Weft  at  Londm^  on  the  ift  Day  oi  April  ij%6y  and  what 
will  be  its  Height,  the  Right  Afcenfion  o(  ArSiurus  being  at  that  time 
14 h.  03  m.  II  f*  and  its  Declination  20 deg.  38 min«  43  fee*. 

'  ^he  ^erecigrafbic  Solution.  ' 

"  Having  drawn  the  Meridian  ZONH;     ,  >     ' 

the  Horizon  HO,  the  Prime  Vertical  V 

Z  Ny  the  §ix  a  Clock  Hour  Circle  P  S, 
the  Equator  A  fi,  and  the  Parallel  of 
the  Stars  Declination  ai(-c,  thro'  the 
Interfeaionof  the  Parallel  with  thcPrime 
Vertical  Z  N,  draw  the  Hour  Circle 
J>  *  6,  then  may  V  *  the  Altitude  and 
A  ft"  the  time  from  the  StarsCulmination, 
or  fiderealNoon,  be  meafured  by  Cafe 
the  2d  of  Protlem  the  pbj  of  StSiou 
the  ai  of  Par*  the  4*A.     .       ' 

UgmitbtHicaUyy  w  iy  CaUulatm. 

In  the  Right-angled  Spherical  Triangle  r  Rii.  Right-angled  at 
R  ai«eivea,  *  A  the  Declination  of  v^ril«m  20  deg.  38  min.  4? 
kc.  k,  ^nd  the  An§lc  if  r  i4  equal  to  the  Arch  AZ,  equal  to^l^^ 


V 
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Arch  POf  t€m\  to  the  Latitude  •£  the  Place  5 1  deg.  jimin,  00  fee 
whence  to  nnd  if-  T  the  Alcitude,  ic  will  be  by  tfae'io/i&  Cafi  of 
ttjgbt^ai^kd  SfhericalT^riavgles. 

As  S;  <il  r  '^  :  A  :  ;S.  #  A  :  S.  *  r  i  that  is. 
As  the  Siioe  of  the  JLatitude  of  the  Place  5i*j2.oo  ~ 9.8937451 


Xo  the  Radios-""' ■     *■*' •  ■^-'—  ■"■' "  "^  '-*■ io.omoooc 

So  is  the  Sine  of  the^Stan:Declifiatian  ac.38.43  — « 9'5^7^59i 


f             ■  •  -     - 

To^the  Sine  of  the  Height  35.45.49    ■  ■■    '-■ 9*^135  i^i 

9.  To  jfiod  the  Time,  it  will  be-  by  the  9^i(  Cafe  ^iRgbt-ionkd 

^erkal  Irkwgks^ 

Asthct,<Jl  r#:/J:  it,*  R:  8  r  Jt-  that  is. 
As  the  Tangent  of  the  Latitude  of  the  Place  s.i.?  3.00—10.0999135 


To  theHadm 


■^  mim 


•*■  ""  ■•  1^0.0000^03 


&>is  the  Taogcoeofthe  Stars  E^ecUnation  30^38.43  9$j4o$^9 

To  theCo-^ne  of  the  time  from  the  Culmin.  72.34. 54I  9u^'j6i']u 

^^^■"»  ^^a^^— ^___« 

Which  being  reduced  into  Time,  makes.  4  k  j©  mio,  19  fee. 
this  therefore  t^en  from  the  tisaeef  the  Stars  Sontb^  la  h  39m. 
05  f.  will  leave  7h.  48  m.  45  f.  |,  for  the  time  wfacs  tbcScar  will 
appear  due  Eaft,  and  the  fame  Horary  Arch  of  4.h.  5:0  m.  i^f.  be- 
ing added  to  the  time  of  the  Culmination  12  h-  39  m.  05:  f.  will  give 
17  h,  29  m.  24  f.  for  the  time  when  thc,Star  will  appear  due  \im. 

And  inafmuch  as  the  Right  Afcenfion  and  Declioatioaof  tbelamff 
Scar  continues  neariy  the  fame^  the  H^gbt  of  the  iame  Star  opoo 
the  PrimpVertical  in  the  fame  Place,  will  be  always  nearly  the  iame ; 
and  cheDifterence  of  the  times  of  its  appulfe,  will  be^^vial  to  rbelMf- 
ference  of  the  times  of  its  Culmipation,  which  is  equal  to  the  diur- 
nal  Difference  of  the  Sun's  Right  Afceufion. 

Examfle  2.     '  . 

At  what  time  will  MdAaran  appear  due  EaA  and  Weft  at  Lmiim, 
on  the  20t*of  November  17  i/S,  and  what  will  it^  AWtndcbc  at  that 
time.  theRight  Afccnfion  of-r#/<i^*tfr^iibcing4h,  20  m.  wf.  jroJ 
4 ts  Declination  jsdcg.  y  5  rain.  23^0  North. 

Anfc 


Ic  win  appear  due  fiaft  at  7  h.  ojsm-  %6t  and  dne  VTeft  at  lyhi 
xp  min.  oS  f.  at  each  of  which  times  its  Altitude  will  be  20  deg« 
30  min*  40  fee. 

Example  j* 

At  what  time  yf^iWReguius  appear  due  Eaft  and  Weft  at  London^  on 
the  6tfr  of  Rtrmary  1727,  and  what  wiU'beit^  Altftodc  at  diat 
time,  the  Ri^t  Afceniion  of  it^^/^ ^  bdng:  j^  h.  $^m*  44  fi  and 
its  Declination  13  deg-  17  min-  04  fee<  North/ 

Anfmer.  / 

It  Witt  appear  due  Eaft  at  tf  h-  54  m.  30  f.  and  due  Weft  at  17b. 
18  m.  00 1  at  each  of  which  times  its  Altitude  will  be  17  deg.  0} 
min.  SJ^fcc* 

^         Example  4. 

At  what  time  will  Caflor  appear  upon  the  Prime  Vertical  at  £iw»- 
d$ny  on  the  iJ?  otDecemit^  ij^^y  and  wha« will  be  its  Altitude  at 
thattime,  the  Right  Afcenfionof  G4/7oi'  being  7 h.  17  m.  03 £  and' 
its  Declination  3 1  deg.  27  min.  op  fee.  North- 

Anfiuer, 

Ca/hr  will  appear,  due  Eaft  at  tf  h«  4m.  13  f.  and  due  Weft  at 
14  b.  01  min.  27  fee  at  each  of  which  times  its  Altitude  will  be 
43  deg.  I J  min.  44  fee. 

Exam  fie  y. 

*  At  what  time  will  the  Bright  Stat  of  the  Eagle  be  upon  the  Prime 
Vertical  at  London  on  liie  ifth  ofMtf  17179  and  what  will  be  its 
Altitude  at  that  time,  the  Right  Afoenfion  of  the  Star  being  xph» 
37  m*  20  f*  and  and  its  Deotination  8^  deg.  10  mil^  01  fee  Northi 

AnJ'wer. 

The  Bright  Star  of  the  Ei^k  will  be  on  the  Eaftem  Aaimuth  at 
3  h.  2  m.  16 1  and  it  will  appear  due  Weft  at.  14'h.  opm«  54  f.  at 
each  of  which  times  its  Altitude  will  be  xodeg.  27  miu*  i%  fee. 


I 
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Example  6.  - 

At  what  time  will  the  Head  of  Andromeda  be  upon  the  Prime 
Vertical  at  Lo»^»,  on  the  loth  oi  September  1726,  and  what  will 
be  tcs  Altitude  at  that  time,  the  Right  Afcenfion  of  the  Star  being 
^jh.  54  m.  13  f.  and  its  Declination  27  deg.  34  min;  xz  fee  North. 

Anffuer* 

The  Head  oiAndr^meda  will  appear 4ue  Eaft  at  jh.  37m.  2  if  and 
due  Weft  at  itf  h.  21  m.  17  f.  at  each  of  which  times  its  Altitode 
will  be  3j^  deg-  i4min.  16  fee 

Example  7*        . 

At  what  time  will  the  Bright  Star  in  the  Harp  be  upon  the  Prime 
Vertical  at  London,  on  the  lothof  September  1726^  and  what  will  be 
its  Altitude  at  that  time,  the  Right  Afcenfion  of  the  Star  being  i8h. 
27  m-  ,5  f.  and  its  Declination  j8  deg.  jo  min.  01  fee- North* 

Anfwer^ 

It  will  appear  due  Eaft  at  i4h.  04m.  25  f  and  be  upon  the  Weft 
Azimuth  at  20  h^  50  m.  11  f.  at  each  of  which  times  its  Altitude 
will  be  52  deg«  44  min«  '42  fee. 

Prob.  VIIL 

Given  the  Latitude  of  the  Place,  the  Day  of  the  Month,  and 
Altitude  of  a  Star,  together  with  its  Riglit  ^cenfion  and  Declina- 
tion^ to  find  theHour  of  the  height  and  ^^zimuth  of  the  fame  Star. 

Exantpk. 

In  the  Latitude  of  5 1  deg.  32  mip.  00  fee  Norths  on  the  ifi  of 
April  1726,  the  Altitude  of  ^ri?//r/;^j  being  44  deg-  30  mm.  20  fee. 
I  demand  the  Hour  of  the  Night  and  /\zimuth  of  the  Star,  its  Right 
Afcenfion  being  14  h.  03  m«  fi  L  and  its  pectination  2odeg«  38 

min.  43  fee.  North. 

*       •        -  ■' 

The  Sterecgrapbic  Solution. 

Having  drawn  the  Meridian  ZOiV^T,  the  Horizon  HO,  the  Prime 
Vertical  Z  ^,  the  Six  a  Clock  Hour  Circle  P  S,  the  Equator  A  Qj 
and  the  Parallel  ojF  the  Stars  Declinatibn  a-a^e,  zs  in  the  former 

7-  /,. 
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Priilemil  abttat  tbe  'Zenith  Z,  dnv 
die jSmall Circle m*nf  at thedillaace  f 

of  45  d^-  2p  inia<  40  Tec.  equal  to  the 
Com^emouiof  tbeScus  Atdtude,  where 
diis  in  terfeds  thePuallel  o(  Dcclinaci-    . 
on  «t  iDche  point  ;|c>  it  gives  the  Place 
of  Ar&vrm-,  > 

a.  Tbio*  the  point  #  and  the  Poles 

P  and  Sy  draw  the  Horary    Gtde 

'  P  *St  alio  chto'the  fame  point  *  and 

the  Zenith  aad  Nadir>  draw  the  Ver* 

tical  Circle  Z  *  iV  and  the  thing  is  done  ;  and  the  Ang^  SZ* 
the  Azimuth  firom  the  Meridian,  may  be  mcafiired'  by  C^t  the  id 
of  Pro*/(fw-the  loth,  of  Affiow  the  -xdoiBart  the  4^*,  and  the  Ho- 
ary Angle  ZPi^,  may  be  mcafoted  by  the  Jame  Cafs- 

Zjtg»ritbmc»Uy^  »  by  Cakulatm.  - 
In*the  Oblique-angled  Spherical  Trian^  Z  P  %  are  given,  Z  P^ 
the  Complement  of  dbe  Latituie  j  i  deg.  j  1  min.  00  fee-  Z  #,  the 
Complemenc  of  the  Aldtude  44  deg.  to  min.  30  fee-  and  P  4f  the 
diflance  of  j4rfl«rH/  from  the  North  Pole  £9  deg.  21  min.  17  fee* 
whence  \fi  to  find  the  Horary  Angle  ZP-H^  tx  Ditference  ot  Tinges 
between  the  Culmination  and  th6  Obfcrvation,  (by  the  i  ith  C^e  of 
OkUqut'auiUd  ^itrical  Trianzlts-) 

From  76  d^- j9  min.  28  fee- f,  half  the  Siun  tSidtg.  iSninJ 
57fec.  of  the  Complement  of  the  Latitude,  of  the  Zenith  diftanceof 
the  Star,  and  its  diftance  from  the  Korth  Pole,  fi)bftrad  the  Stars 
Zenith  diftaiice,  or  Complement  of  its  Altitude,  4^  deg.  19  mini 
40  fee-  and  keep  the  Difierence  31  d^.  aji  min.  48  fee.  ^    Thea^ 

To  the  Atith.  Cbmp.of  thi;  Co-fine  of  the  Lat,.5i'3i— o.iotfitfS} 
Add  iJKArith.Comp.oftheCo-fiae  of  theDecl-  20,3143  0.0281257 

AlfotheSineofthehalfSiim7<.3J-»8i j»98Sn7» 

And  the  Sine  of  the  Remainder  3i»9.48|— - — —  9-7^ii94^ 

Half  the  Sum  of  thcfe  ibuc  Sines "— ■-    ■■■ — 19-93700^ 


Will  be  the  Co-fine  of  a1.j3.30  i «        9.9^85030   .  j 

Fpppp  -  Which  ] 


j^ti  jjironomical  ^ohlems, 

«  Which  beins  doubled  wiU  eke  43  deg.  07  mm.  01  fee.  ^  die 
Horary  Angle  ZPH-,  equal  m  Time  co  ah.  5  s  m.  at  £  ^rtiCQGft 
to  fiad  the  H«ar  of  the  Night. 

If  the  Star  be  in  the  Eaftem  Semicircle  or  Afceodiog, 

From  the  time  of  the  Tranfitof  ArSurMt  on  the  ifi  t£  April  tn%6f 
eqoal  to  1%  h.  Z9  «•  05  f.  taki  the  Honuy  Angle  ZP^»  coial 
tt>ah.  J2m.  28  r  the  Remainder  ph.  45m.  37 f.  will  give  the 
Hour  of  the  Night.    But, 

If  the  Sur  be  in  the  Wef^  Semicircle  or  defcendiw. 

To  the  time  oi  the  Scathing  ofArShtrut  ii  h.  jp  m.  qc  £  add 
the  Horary  Angle  ZP*,  equal  to  »  h.  jam.  28 f.  tBeSun  1.5  b. 
3 1  m.  3  3  f.  will  be  the  Hour  of  the  Night  required. 

a.  To  find  the  Angle  P  Z  #  the  Azimuth  fixaii  the  Metidiio 
it  will  be  by  the  ifi  Ct^e  of  Oblique-^n^kit  &c 

AsSvZ*:S.i'#::S<2P*:S.<P2#,.thatis» 
As  the  Co-fin<of  the  &ars  Altitude'44«3o.ao  pyy3aoo7 

To  the  Go-fine  of  the  Stars  Dedinadon  20.3  8.43  - —  0.071 174, 
So  is  the  Sine  of  the  Horary  Aogle  43.07.01  ^•*34743» 

To  the  Sine  of  the  Azimuth  from  theMetid-  5344-46  9.9537161 

^  Wherefore  if  the  Star  be  in  the  Eaftero  Semicircle,  the  Azimntb 
IS  Soudi  63  deg.  44  min.  46  fee  Eaft,  or  S.  E-  by  E.  halt  E.  nearly  • 
but  if  the  Star  be  in  the  Weftem  Semicircle,  the  Azimuth  is  South 
63  deg.  44  mm.  46  fee  Weft,  or  S.  W.  by  W.  hadf  Weft  nearly. 

Or,  " 

The  Azimuth  of  the  Star  might  have  been  diredly  raveftkated  bv 
Aehelpof  the  nth  Cafe o^ OUiqnt-oHgUd  SfberkaltriaiS^s,  and 
tlKnce  the  Hour  of  the  Nfcht,  after  the  manner  ta«»ht  in  tlie  -li  Cafe 
of  the  6tb  ProbUm  of  the  former  Seahn,  and  aU  the  Varieties  in  that 
Ci>  arifiog  from  the  different  Denominations  of  the  Latitude  of 
the  PUcc,  and  Declination  of  the  Sun,  are  applicable  to  the  Stw 
refpea  being  had  to  the  time  of  the  Stars  eoming  to  the  Meridian  * 
and  muverfally.  all  the  various  C/?r«of  the  fcvenU  PrtkUm  in  the* 
former  SeBion,  and  the  feveral  Cbnfequences  thence  refulting arcan- 
plicableto^  the  fixed  Stars  J  mutMtit  nmmdis,  provided  tlwt  in  the 
room  of  the  time  of  the  Sun's  paffing  over  thelileridian,  the  com- 
mencement of  the  Solmr  or  AflrotumicalDiy ,  you  make  Ufc  of  the 

tune  of  the  Stars  Southing,  or  its  ttanfii  ovi r  the  Meridian. 
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WIttt  will  be  the  Hour  of  the  Night,  aod  AzmaOioidUetaram 
ztLuidom^cathc  wth  of  Nitwmhr  1-1x6,  ^vbea AUehran  ihall  have 
44  d«.  40  min.  20  fee.  of  Altitude  m  the  E»ftetn  Semicitcle, 
its  Ri^c  Afccnfion  at  that  time  being  4h.  ao  m,  ta  f.  and  the 
DecUnation  x5d^.  55111J0.  asfec'North. 

"    .  AttfvKr. 

The  Hoar  is  f  h.  jo  m.  33 f.  aod  the  Azimutli  South  yt  deg. 

What  will  be  the  Hour  of  the  Night,  and  Awmuth  oiSrius  at 
London^  in  the  Latiaule  of  j i  d^.  ja  min.  oofec.  on  the  i%tk  of 
Decemter  171(5,  when  Syritu  ihall  have  18  deg.  jo  min.  j  j  fee.  of 
Altitude  m  the  Wcftem  Semicircle,  the  Ri^t  Afcenfion  ofSjrius 
4t  that  time  beii^  «  h^  33  m.  06 1  and  its  OecUnatton  16  deg.  to 
mm.  5  p  tec  South. 

TheHour  of  the  Night  is  xj  h.  44 mi  54f.f,  or  ib.  44m. 
54£  I  the  Mommgof  the  following  Day,  and  the  Arimuth  SoutH 
x6  deg.  06  min.  %%  fee.  Weft. 

Examfie  4i 

What  will  be  the  time  of  the  Night,  and  Azimuth  t^Rgguius  af 
the  Lyoni  Heart  at  Undon^  in  the  Latitude  of  5 1  deg  3  a  min.  00 
fee.  Nojth,  on  the  tf^  of  Ff^m^ry  1727,  when  hir  Altitude  ftall  be 
43  dee.  50  min*  10  fee*  in  the  Eaftem  Semichrde,  the  Right  Afcen- 
fion (ARegulus  being  at  that  ume  9  h.  53  m.  44f.  and  its  Decllna-^ 
lion  13  deg.  17  min.  o4fec.North« 

Anfwer. 

The  Hour  of  the  Kight  is  10  h.  %  m-  43  C  f,  and  the  Azimuth 
South  45  deg.  5 1  min.  27  (ec- 1  Eaft* 

ExamfU  ^: 

What  will  be  the  Hour  of  the  Night,  and  Azimuth  of  the  Star 
Ca/hr^  on  the  ifiofCiicmier  tjit,  at  UMdim,  in  the  Latitude  oi 
1 X  deg.  3a  min.  bo  fee.  wfaeu  C^or  (h^l  have  60  deg-  01  min.  30 

P  P  TP  R  ^  fee 


/ 
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fee.  .of  Altitude  in  the  Eaflem  Semicircle,  the  R^t  AToeDfibo  ol 
Caftinr  at  that  time  being  7  tu  17  m-  03  f.  and  the  Dedioatioa  3a  d^ 
27min«  op  fee- North. 

Anfv)er. 

The  Hour  is  7.L  i^m^it  t  and  Aaimnth  South  tfid^.  571UD. 
5P  iec-  Weft. 

Exm^U  6» 

What  will  be  the  Hoor  of  the  Night,  and  A«muth  o£^ca  Vh- 
gims  at  Londm^  in  the  Latitude  of  5 1  dcg^  j  2  mio.  00  fee.  North 
on  the  2$tb  ot  March  1727,  When  the  Altitude  of  the  Star  fliall  be 
94deg.  3omin«  20  fee.  in  the  Eaftem  Semicircle,  the  Right  Af- 
cenfim  of  .^^  at  that  time  being  13  h.  10  m.  48  f.  f^  and  its  De- 
clination p  deg.  43  min.  %i  fee*  North. 

Af^var. 

The  Hour  will  be  10  h.  00  m.  i7f^  and  the  Azimuth  South  19 
deg.  17  min.  i8fec*Eaft* 

ExiWfli  7. 

What  will  be  thcHouroftheNichr,  and  Azimuth  of  tbe&r- 
^yS^l"  ^^  ;f  n'^u  ^^'^/M^y  '7*7,  when  the  Altitofc 
ofthe&orpi^itf^^arrfliallbe  jadeg.  30  min.  3ofcc  in  the^aft- 
crn  Semicuxle,  the  Right  Afcenfion  of  the  Scions  Heart  at  diac 
nme  being  icfh.  12  m.  3pf:  and  its  Declination  24  deg.  aSmia 
3 1  fcc*  South- 

The  Hour  will  be  lo  h-  j*  m.  08  fee.  and  «Jic  Azimnth  South 
15  deg-  51  ma.  4pfecEaft. 

V  This  /Vo*^^and  the  ifi  and  a  J  ExM^h  of  the  «rf  Ca/r  of  the 
*«A  ProWnw  of  the  laft  &5/fl»,  are  of  great  Ufe,  both  toihc  Abv*- 
Xawr  and  Mnmmeri  to  the  A&wi^aror  in  ihewing  him  how  to  find 
the  ttuc  Aamoth  of  the  Sun  or'Star,  which  being  cotapaitd  with 
the  Azimuth  ol^rved  by  the  Con^fs,  as  wiH  be  (hewn  in  in  pro- 
Mt  Place,  wm  (hew  him  the  true  Variation  of  the  CotMaff,  or  the 
A^glc  formed  by  the  magnetic  and  true  Meridian :  And  to  the 
Aftrmmtr,  m  teaching  jiim  how  to  (iod  the  trae  Hour  of  the  Day 
or  Night,  wlueh  being  compared  with  the  times  given  by  the  Qoi 
Jfll.*""/!*  ^"  ?*^  thcic^rtors ,  or  how  much  either  of  them  ate 
wttcr  or  (lower  than  the  tme  time  j  whenccthe  true  times  of  the 

Tianlit 
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TranfiC  of  the  Moon  over  the  Fixed  Stars,  the  Begituiing  er  End  of 
SoUr  and  Lunar  E^ipfes,  or  the  olslA  time  when  any  remarkable 
Pb^mmewu  happens  is  readily  had ;  and  in  otder  to  account  for  any 
little  Errors  that  may  arife  from  the  Imperfedion  of  the  Movement, 
Care  ought  to  betaken  to  corred  theCAcifc  oiWatch^  both  befoi'e  and 
after  aay  remarkable  Appearances  happen,  that  To  the  little  Inequa-* 
lities  that  may  have  crept  into  the  Movement  during  that  fmall  pare 
of  time,  if  any  there  be,  may  be  atlog^ed  for  with  the  more  certainty. 

In  the  Calculation  of  the  Trandts  of  the  Moon  over  the  Fixed 
Stars,  which  arc  of  admirable  Ufe  for  affigning  the  Difference 
of  Longitude  between  thole  Places  wb^re  they  can  be  obferved,  it 
is  neceflary  to  know  what  Degree  of  the  Echptic  is  under  the  Meri- 
dian, and  what  is  the  higheft  point  or  90th  Degree  from  the  afcen- 
ding  or  defcending  pointy  which  is  called  the  Nonagefime  or  Nquo-' 
gefimal  point,  and  what  are  the  Altitudes  of  each  of  die/e  above  the 
Horizon,  and  what  Angle  the  Vertical  Circle  forms  with  the  Eclip- 
tic in  any  point  of  it,  ^r  with  the  Circle  ot  Longitude  pafliQg  thro' 
the  Moon  or  any  fixed  Star  having  Latitude,  which  is  called  the  Pa* 
ralla£tic  Angle,  at  any  given  time. 

Let  it  therefore  be  required  to -find  on  the  i^th  of  June  1 721,  at 
jh.  44  m.  21  f  apparent  Time,  when  according  to  Mr.  FJamfie fits 
SqUkt  labks^  the  Sun  enters  into  the  firft  point  of  Cancer  or  updn  the 
Summer  Solfiice,  what  is  the  Longitude  of  the  Mid-Heaven  and  Nanor 
gefinUi  and  confequently  what  points  of  the  Ecliptic  are  then  rifing 
and  fetting,  and  what  are  the  Altitudes  of  each  of  the  former  above 
the  Horizon,  or  their  diflance  from  the  Vertex,  and. what  is  the 
Angle  formed  by  the  Vertical  Circle  (at  that  time  paffing  thto^  the 
Sun;  and  the  Ecliptic,  and  the  true  Altitude  of  the  Sun  at  Undt^n^, 
in  the  Latitude  of  5  r  deg*  S2min.  00  fee.  North* 

^he  Solution. 

To  the  Right  Afcenfion  of  the  Sun  in  this  €afe  90  deg«  oomiiv 
oofec*  add  the  time  paft  from  Noon  3  h.  44m.  21  fec^equal  to 

56  deg.  5  min.  15  fee*  the 'Sum  145  deg.  65  min.  1;  fee  will  be 
the  Right  Afcenfion  of  the  Mid-Heaven  or  Degtee  of  the  Equator 
that  is  then  under  the  Meridian*    Wherefore, 

*  I.  Irving  drawn  the  Meridian  2  07V H,  the  Horizon  HO.  the 
Ftime  Vertical  Z  N,  the  Six  a  Clock  Hour  Circle  P  Si  and  the  £« 
quator  ^j^  fet  off  the  S^mi-tangent  of  5^  deg.  05  min:  15  fee  the 

£xcefi  of  (be  Right  i^ceofioqi  of  the  Mid-Heavca  above  a  Quadmoi 

from 
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from  c  to  1^,  then  will  "^  w^re* 
fent  the-firft  point  ci  Aries  it 
this  Ptojedion- 

• 

1.  Thro*  the  point  r  draw 
tbcGreac  Cirde  m  « 'Ty  fermiDg 
an  An^e  of  13  dcg«  29  min. 
00  fee.  widi  the  Equator  (by 
C4/f  che  id  of  ProhUm  the  p/i^, 
of  &^o»  the  2  J  of  Part  tbe4^ir) 
this  will  reprefent  thcEdiptic^ 
and  the  Arch  T  m  (which  js^ 
be  meafured  by  Cafe  the.  id  df 
ProhJtm  the  jtlh  of  SeSUu  the 
^d  of  Part  t3ie  4^^)  will  be  the  Longitude  of  the  Mid-Heaven  from 
til*  firil  point  of  Aries,  and  the  Arch  of  the  Meridian  Hm  (which 
may  be  meaTured  by  the  Uue  of  Chords)  will  be  the  AltiMie  1  and 
to  find  each  of  them  by  Calculation. 

In  the  Spherical  Triangle  m  T  A  Right-angled  at  Iff  are  given, 
'A  Y^  the  Kight  Afcenfion  of  the  Mid-Heaven  from  the  firft  point 
#f  Ariesy  equal  to  145  deg.  o;  miR«  i^fec-  and  die  An^  mT  A^ 
t  he  greatell  Obliquity  of  the  Ecliptic^  equal  to  13  deg.  29  min.  00 
ftc-  whence^  fisft  to  find  the  Arcb  T  m^  the  Lowitude  of  the  point 
Ay  it  will  be  by  the  id  Cafe  of  die  ift  Problem  of  the  former  &£f/«r, 

As  the  jR :  c  s><>»  Tff:  :  c  t,  TA :  c  t,  T  m ;  thatis. 
As  the  Radius     '     -  ■" "  —  -  ■    laooooooo 

To  the  Co-fine  of  the  greateft  Obliquity  23.29-00— -9^9^24^27 

80  is  the  Co-tangcnt  of  the  Right  AfcenfioQ  of  the  1  .^  .«. ,._ 

Mid.Heavenr4<yo5i5 ^ ^  10.1724441 

To  the  Co-tang-  of  die  Longit.  of  the  Mid-Heaven  \        j^oxg 
from  the  firft  point  of -rfrw  i43-45*3o  ,f^^*^3^9  » 

And  confequendy  the  point  of  the  Ecliptic  then  culminadog  is 
Z>o  23  deg*  4;  min-  30  fee  ^ 

Again,  to  find  the  DeclinadoQ  of  that  pointj  it  will  be  by  the 
£imc  Cafi  of  the  former  SeWpft^ 
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As  the  It:  S.  rAi  :t,  <m  T  A  it.  Am]  dtiitis. 
As  the  Radius  ■■'    ■  ■     ■  ■     i  i  lo- 


•  •••:•!•'* 
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To  the  S-of  the  Rt- Afc-  of  the  Mid-Hcaycn  I4tf.5*x5  9'74^J7^7 
So  is  the  Tangent  of  the  greateft  Obliquity  of  the  E-  I  g^5  7Q«5a 

To  the  Tangent  of  th#  Declination  ig-ST-jal    ——^ 9-3 845 3 30 

Which  being  added  to  the  Arch  HJ,  equal  to  the  Complement 
of  the  Latitude^  equal  to  jSdeg^  38  miii.  00  fee.  becaufe  the  Lji- 
titude  ot  the  Place,  and  Declination  of  the  Mid-^Heaven  are  biskh 
North,  will  gitc  5a  dcg.  oy  min.  77  fee  5  for  the  Arch  Hm^  at 
Altitude  of  the  Mid-Heaven,  whofe  Complement  3  7  deg-  54  min* 
32  fee*  i>  equal  to  the  Arch  Zm,  will  give  its  diAance  from  the*xe'- 

nith  Z* 

Again,  to  find  the  Angle  A  m  T,  that  the  Ediptic  forms  with  tho 
Meridian  in  the  ^id-Heaven  m,  it  wiU  be  by  the  %d  Caje  of  the 
I  ft  Problem  of  the  former  SiSion* 

As tbtRiS.<,Arm:  ics]  ATx  cs^KXtnA^  thatis. 
As  the  Radius  -■        ■""''-  '-^     *  10.0000000 


To  the  Sine  of  the  greateft  Obliquity  23.2P  00— — — 9.^0040^^ 

So  is  the  Co-iine  of  the  Right  Afcenfion  of  the  Mid- 1  ^ 

Heaven  14505.15 : i^p.pipo2o8f 


To  the  Co-fine  erf  the  Angle  of  the  Ecliptic  and  Meri- J  ^\.  ^      ^ 
dian  70.41.21 l9^m^9^ 


mwmmmmmmm 


1.  Thro'  the  Zenith  and  Nadir  and  the  Pde  of  the  Ecliptic  pi. 

draw  the  Great  Circle  ZupN^  this  will  cut  the  Ecliptic  at  Kight^ 

angles  in  the  point  »,  the  Nonagefimal  or  higheft  point,  or  9c»b 

Degree  from  the  point  of  the  Ecliptic  6,  that  at  that  time  is  Rifing 

or  Setting,  and  the  Arch  of  the  Ecliptic  '^  n  (which  may  be  mea« 

fiired  by  Cafe  the  3d  of  Problem  the  jth,  of  SeSHm  the  2d  of  Part  the 

^th)  will  be  the  Longitude  of  this  point,  and  the  Arch  anoi  the 

Vertical  Circle  or  in  this  Cafe  Circle  of  Longitude  (and  whicli  may^ 

be  meafured  by  the  fame  Cafe)  will  be  its  Altitude,  and  to  find  eachr 

of  them  by  Calculation. 

^         In. 


^ 
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In  the  Sphcncal  Triangle  «  Z  »,'Rjg^-«nglcd  «t »  are  gweh,  2«; 
the  Complement  oPthc  Altitude  of  the  Mid-Heaven,  37  d^.  54 
min.  27  fee.  |»  and  the  Angle  formed  by  the  Ecliptic  and  MetidiaB 
Zm»)  equal  to  70  dee,  41  min>  20  fee  whence  to  find  firft  tfac 
Arch  t»  the  Zenith  mUnce,  oc  Complement  of  the.Akitnde  of 
the  Nonagt/hfie,  it  will  be  by  the  5**  Cafe  of  Right-a^Ud  ^leriai 

^As  the  R  iS'Zm :  :S.  <Z »»  :  S-  2i» ;  that  is. 
As  the  Radius         -^  ■  -^^ » ■         loj 


•:»n.iT«  i:i 


To  the  Co-fine  of  the  Alt.  of  the  Mid-Heav.  5*-5-3it  ^.7884444 
So  ischc  S  ot  thcAnglc  of  the  Eclip.  and  Mer-  7o.4i*2<>  9974S309 

To  the  Co-fine  of  the  Ale  of  the  Nonagefime  54.3  343  9*7^3295  j 

- 

Again ,  to  find  m  n  the  diftance  of  the  Nonagefime  from  the  Mid- 
Heaven,  it  will  be  by  the  4^*  Cafe  cf  Rigbt-at^led SfherUallrkmiliit 

As  the  21 :  c  si  <2  mnt  i  t^Z'm  :  t^mn;  that  is. 
As  the  Radius  ■         ^v  .■-  ■         ■— -r-'  ■         -lo  0000000 


To  the  Co-fine  of  the  Angle  of  the  Ediptic  and  Mc-^  o 

tidiaa  70-4^20 ; 1  ^ ^  '^^'^^ 

So  is  the  Co-tangent  of  the  Altitude  of  the  Mid-Heaven  j  ^^      ., 

5^05.321- •  —  : r f9'^9il66i 

— —  ■  _         I 
To  the  Tangent  of  the  diftance  of  the  Nonaiefime  > 

from  the  Mid-Heaven  i4.2<J  ^6 j9-4io75<5i 

I  I 

Which  Arch  of  14  deg»  2(5  min?  atf  fee.  taken  firom  the  Longi- 
tude of  the  Mid-Heaven  £«o  ^3  deg*  45  min*  30  fee*  becaufe  the 
Right  Afcenfion  of  the  Mid-Hi^aven  is  more  than  go  D^rees,  and 
leiistban  270  dcg.  00  min.  will  give  £fo  pdeg.  ipmio.  04 /ec.  ior 
the  Longitude  of  the  Nonagfifitne  at  this  time. 

3.  From  the  point  ^  lay  oflf  90  deg.  00  min.  00  fee-  Ac  Sun's 
l^ongitudiB  in  the  Ecliptic  from  T  to  ®  (by  Cafe  the  ^d  of  Pr^tkm 
the  6th f  of  SeHim  the  id  of  Part  the  /^th)  this  point  Q  will  give  tb: 
'Place  of  the  Sun  ;  and  if  thro'  the  Zonith  and  Nadir  and  the  poir: 
C,  the  Venical  Circle  Z  O  AT  be  drawn,  the  Arch  p  i  will  be  li^ 
Suo^s  true  Alipitode,  apd  (which  may  be  meafurcd  by  Cafi  xbc  -J 

■  o  k 
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PfMem  the  ^thy  o( SeEtion  the  idof  Part  the  4/A)  the  Angle  Z^M 
jf which  may  be  meafured  by  C^fe  the  id  of  Proihm  the  loth  of  the 
fame  i^Hion)  the  Pdralladic  Angle^  and  to  find  each  of  them  by 
Calculation.  .    , 

In  the  Spherical  Triangle  2  »  O  Righr-angjcd  at «,  are  given, 
Z  n  the  difUnce  of  the  N^nagcfime  from  the  Zenith,  or  Complement 
of  its  Alticude  equaltojy  dcg.  26  min.  17  fee.  and  the  >^rch  of 
the  Ecliptic  »0,  equal  to  39dcg,  opmin.  04  fee.  equal  to  the 
diftancc  ot  the  Sun  from  the  Nonageffmey  equal  to  the  Difference  be^ 
tween  Leo  9  dcg.  19  min.  04  fee.  the  Longitude  of  the  Nonagejime^ 
and  the  Place  of  the  Sun  in  the  fir  ft  point  oi  Cancer ;  whence  to  find 
the  Sun's  true  Altitude,  it  will  be  by  the  ift  Cafe  ef  Righp-angled 
Sfherical  triangles. 

As  the  /J :  c  s,  Z  » :  :  c  s,  ®  If :  c  s,  2  ©  5  that  is. 
As  the  Radius'"^ ■     ■ ■   ■   io.qoooooq 

■Wl  Hfl      ■  HI    ■ 

». 

To  the  Sine  of  the  Altitude  of  the  Nonagefime  54.33-45   991 1021* 

So  is  the  Co-tangent  of  the  diftancc  of  the  Sun  from  I  g  888^4.10 

the  Nonagefime  19*19  04      ~~^"  -j'  ^"^ 

To  the  Sine  of  the  Sun's  true  Altitude  39.04.2^     ■     9*7995616 

AgUtiy  -to  find  the  ^raUadic  Angle  Z  ®  »,  it  will  be  by  ttie  id 
Cafe  <^  Right-angled  Sfhericd  Triangles, 

AstheS.»®  '.Ri  :t,  Z»:t,  Z®»;  diat  is. 
As  the  Sine  of  the  diftance  of  theSun  from  the  Nona-  U  goiSipj 


■MM^Ml 


To  the  Radius  — —  — -  -~"*r  — — —  — "—  i  o.oooo ooo 

So  is  the  Co-tang,  of  thcAlt,  of  the  Nom^efime  54.33-43  p.8522744 

To  the  Tangent  of  the  Paralladic  Angle  48.1p.22— io.ojo444J> 


«• 


So  that  on  the  loth  o(y une  at  3  h.  44  in-  21  f»  when  the  Sun 
enters  upon  the  Summer  Solftice  at  londm* 

Q.qqqq    "  The 
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The  Right  A  fceofion  of  «fae  Mid-Heaven  is  ■  ■        — 145    05     15 
The  point  of  the  Edipiic  thcnfundcr  the  Metid.  is  Leo  23     47     3d 

Its  Altitude  above  the  Horizon  is — — ~ ya     oy     17 

And  coKUeqiiefft]^  its  dtfiance  frdm  the  Zenith  is 37     54     33 

The  Altitude  o(:thcNmag^aJ  point  ot  the  Ecliptic  is  5  4     5  3     ^  ^ 

And  confequently  its  Zenith  Diftancc  i«  — ^ ^35     25     ly 

The  diftance  of  the  Nottagefime  from  the  Mid-HeaiTn      14     fi6     26 
And  confequently  the  NefMgefimai  point  k  felf  is  Leo  -  2p     ip    04 

Hence, 

Tiie  point  <A  ibe  Ecliptic  then  riling  is  Taurus 9     if    04 

Thcpoint  of  the  £clJptic«heo  Setting  is  iScor/za s     19    oj^ 

The  Sun's  true  Altitude  \s 39     04    26 

And  confequently  his  Zenith  diftance  is  —  — « yo     55     ^^j. 

And  the  Paraihdic  Angle  is ^—  48     19    u 

-^       •  -      • 

Hence  we  are  taught  a  ready*  Way  to  find  when  any  Scar  Ri- 
ios  and  Sets  with  tte  9j&^  SuA^.  '^hich  is  called  its  CofmkalKibag 
and  Setting ;  or  when  tbe  fame  or  any  ocber  Star  RHes  aad  Sets 
with  the  Setting  Sun,  ^hich  is  called  its  Anbrmcal  JiiRB:g  and 
Setting  ^  For  as  every  Star  Rifes  with  that  point  of  ihe  Ecliptic  that 
has  t;he  faiae  Obliqj^oAft:enfiim  with  it,  and  confeqiiently  at  die  fame 
tinie  with  tJ>e  Sun  when  he  poflefles  that  Degree  of  the  Ediptic,  fo 
every  Star  tlut  has  ^le^iame  Oblique  Defcenfion  widi  aay  point  of 
the  Ecliptic,  Sets  with  that  point -of  thp  Ediptic,  and  at  the  fame 
time  with  the  Sun  when  he  is  in  the  fame  point  $  hence  die  Cofm" 
cnl  or  Achriwmi  Riling  ^nd  Setting  of  any  fixed  Sttr  or  Planet  is 
eafily  had,  for  the  Rj^i  A{«wfion  and  Declination  of  a  Stor  hcii^ 
known,  ita  Afcenfional  Difference,  and  Oblique  ATcenfion  or  De- 
fcenfion  may  be  readily  found,  and  thence  the  Right  Afcenficm  of 
the  Mid-Heaven,  and  its  Longitude  together  with  its  Diflaiicefit)m* 
the  Nonagejime^  whence  the  Hwa^fime  it  felf,  and  confeoucndy  the 
paints  in  tlie  Ecliptic  then  Afcending  or  Defcending,.  and  which  the 
Sun  muft  pQ(kfs,  to  ^^At  tJae  OjmadiXiAihtmLal  Rififlg  or  Setting 
of  the  given  Scar. 

Suppofe  for  Examfk^  ic  were  required  to  £nd  when  the  D^g  Siar 
Syrius{\v\viQ\\  {%  the  brighteft  of  all  the  fixed  Stars  that  appears  at  prc- 
fent  in  our  Hemifphere)  will  Rife  and  Set  CofmkaBy  or  jlchrmcaffj  at 
London^  in  the  Latitude  of  yi  dcg-  32  min;  00 /ec  in  the  Year  1726, 
when  the  Right  Afcenfion  ofSyrius  willbe  '98  deg.  16  min*  3  a  fee  and 
its  Declination  i5deg.  aoxnin.  jr^  fee,  South. 

Fro* 
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From  the  Dcciinatioii  of  Syrius  i6  dcg.  20  mku  5p  fee*  and  the 
Latitude  oi  die  Place  5  i  deg»  32  min.  oo  fee.  the  A/ceniional  Dif- 
ference oi Syrius  by  the  help  of  rhfe  ^thPri>blemy  will  be  found  to  be 
%i  deg.  4o*min.  02  ftc.  ttiis.added  to  the  Right  A(ccn(toa  pS  deg- 
%6  mia.  32  fee-  b^caufe  the  Latitude o^tkefi^e  is  Norths  and  the 
Declination  of  the  Sur  South,  will  give  up  deg.  ^6  min.  34  fee. 
for  the  Stars  Oblique  Afccn/ion,  from  which  taking  po  Degrees  oc 
a  Quadrant^  we  fiiaU  have  29  deg,  5^ min.  34  fee.  for  the  Right 
Afctnfion  of  the  Mid-Heaven,  at  the  time  of  the  Stars  Rifing^ 
Hence  the  Mid-Heaven  it  felf  will  be  found  to  be  in  Taurus  2  deg.. 
7min.  4p  fee.  its  Declination  12  deg.  14  min.  08  fee.,  and  confe- 
quently  its  diHance  from  the  Vertex  3pdeg«  17  min.  52  fee.  and 
the  Angle  formed  by  the  Ecliptic  and  Meridian  6g  deg.  48  min.  o  i 
£:c  whence  the  DiAance  of  the  MidHeaven  from  the  Nonagejimej, 
will  be  found  to  be  i$.deg.  46.  min.  /^hc^xA  s!ti^  Nonagfifime  it 
{clExa  Taurus  17  deg.  54  mia.^  38{ec«aiia  confeguemly  tlK  pofnt  of 
the  Ecliptic  then.  Afcending  will  bciep  17 deg.  54  min.  38'lcc.; 
which  is  the  Place  of  the  Sun  aborn  the  3  ift  Day  of  jfulfy  and  cpnfe'- 
quently  the  Bright  Suv  Syrius  Kiks  Ctifmieally  at  Loadott  on  the  3 1/? 
Day  oiJuly  1725. 

Again,  if  the  time  of  its  Cq/^/WSetting  be  required^ 
From  the  Ri^t  Afcen£on  of  the  Star  p8  c^-  r^min.  32  fee  takj& 
its  Afcenfioaal  Pifiereoce  2ideg.  40  min.  32*  lee.  the  Remainder  y6 
deg.  36  min^  oa  fee.  will  be  the  Stars  Oblique  Defcenfion,  to  which 
adding  po  Degrees  or  a  Quadrant,  the  Sum  idtfdeg-  3^  min.  00 
fee.  will  be  the  Right  A&enHon  of  the  Mid-Heaven  at  the  rime  of 
theStaxs^Settingi 

Hence  the  Pkice  of  the  Mid-Heaven  will  be  found  to  be  in  t^rgo 
1$  deg.  z6  min.  54  fee,  its  Declination  5  deg.  44  min.  45  fee. 
North ;  and  confcquendy  the  diftance  of  the  Mid-Heaven  from  the 
Zenith,  will  be  4^  deg,  47  min.  15  fee.  and  the  Angle  formed  by 
the  Ecliptic  and  Meridian  6j  deg,  11  min.  30  fee.  whence  accord- 
ing to  the  £b£mer  manner  of  Calculation,  the  diftancc.of  the  iVoJs?^- 
^efime  from  t^ie  Mid^Hsavenf  will  be  found  to  be  21  deg.  43  min. 
27  fee.  the  ^onag^fime  it  felf  in  />o  23  deg  "43  min.  27  kt^  aiui 
confequently  the  point  of  the  Ecliptic  then  [Defcending  will  be 
'Ttiurur  2.3  deg.  43,  min*  27  fee.  whence, the  oppofite  or  Afcending 
point  will>  be  &or/va-2j  dcg^  43  min^  27  fee.  which  isi  the  point 
the.Sofi.mufl.  p9fle»  to:  Rife  at  the  iame  wmcj>  ^andwjiich  is.the- 
Place  qf  the' Sun,  aoout  ihiu  %th  of  Na-ufwii^rrin^b^Mofningi  wfien 
the  Bright  Star  S)rius  will  Set  Cofmically  at  I.oi?^(?»  in  the  Year  1^26^ 

Q^q  q  qq    2  '-        The 
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The  Cofmical  Rifing  and  Setting  of  a  Star  being  known,  the  A- 
chronical  Rifing  and  Setting  of  the  fame  Star  is  given  ;  for  inaf- 
miich  as  the  point  of  the  Ecliptic  anfvTcring  to  Lee  tj  deg:  54.  min^ 
38  fee.  Rifes  with  Syrius  at  iMdcK,  and-is  therefore  called  irs  Co/mi* 
cal  Rifing,  the  point  of  the  Ecliptic  oppofice  to  this  and  anfwcring 
to  Aquarius  17  deg.  y4min.  38  fee  muft  dcfcend  below  the  Hori- 
zon ac  the  fame  time,  and  is  the  point  the  Sun  muft  poflcfs,  to  caufc 
the  Scar»$yr/«/  to  Rife  Achronically  ;  and  this  being  the  Place  of  the 
Sun  about  the  26th  of  Jajmarjy  it  follows,  that  on  the  z6ih  of  Jim- 
nary  1726,  the  Bright  Star  Syriuj  will  Rife  Achronically  at  Union. 

Again,  inafmach  as  the  point  of  the  Ecliptic  anfwering  to  Scorfi§ 
a3  deg.  43  min.  27  fecv  Afcends  above  the  Horizon  at  the  tunc  that 
Syrius  Defcends  i  and  is  therefore  the  point  the  Sun  muft  poAeb,  to 
caufe  tl  c  Ce/J»/cfl/ Setting ;  the  point  of  the  Ecliptic  oppofitc  to  this 
and  anfwering  to  Taurw  23  deg.  43  min,  27  fee  is  the  point  of 
the  Ecliptic  that  Defcends  at  the  fame  time  with  Syrius^  and  is  the 
Place  of  the  Sun  at  the  time  of  the  Achromcal  Setting ;  and  this  hap- 
pening about  the  3^  of  Afoy,  it  follows,  that  on  the  3 i  ofAlay  1726^ 
the  Bright  Star  Syrius  will  Set  Achronically  ac  London. 

Whence  it  follows,  that  the  time  of  the  Cofmical  Rifing  and  Set- 
ting of  a  Star  being  given,  the  time  of  the  Ac&onical  Rifing  and 
Setting  of  the  fame  Star  is  given  alfo ;  and  ori  the  contrary,  the  time 
of  thcAchronical  Rifing  and  Setting  of  a  Star  being  known,  the  time 
of  the  Cofmical  Rifing  and  Setting  of  the  fame  Star  is  known  ajfo : 
And  inafmuch  as  every  Star  that  lyes  near  the  Ecliptic  Rifes  and  Sets 
at  the  fame  time  nearly  with  that  point  of  the  Ecliptic  ;  hence  it  is 
that  all  the  Star$  that  have  not  very^  great  JLatirude  that  Rife  Cqfmi- 
cally,  Set  Achronically yZnd  all  Stars  that  Set  Cofmicalty  Rife  Achroni- 
cally ;  and  the  contrary  :  whenee  it  is  that  all  thofe  Stars  that  Set 
nearly  with,  or  a  little  after  the  Sun,  are  faid  to  Set  Achronically^  as 
"■  all  thofe  Stars  that  Rife  with,  or  a  little  before  theSun^  arc  laid  to 
Rile  CofmicaOy. 

There  are  other  Methods  lefs  operofe  for  inveftigating  theCojnrical 
and  ^fAr(?»/c/i/  Rifing,  Setting,  &c.  but  thefe  that  I  have  made 
Ufe  of  are  the  moft  natural/  geheral  and  eafy. 

From  the  preceding  Calculation  it  is  manifeft, 

J.  That  from  the  titae  of  theCqfinical  ^tixig Noveniferihc  y/A, 
to  the  time  of  the  Achronical  RiCing  January  the  26th,  daring  the' 
Space  of  82  Days  the  Star  is  vifibfc  above  the  Horizon,  from  the 
time  pf  its  Rifing  to  the  tioje  of  its  Setting ;  and  on  the  contrary, 

bom 
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from  the  time  of  its  Achronkal  Setting  May  the  ji,  to  the  time  of  its^ 
Cofmical  Rifing  July  the  3  i/Z,  during  the  Space  of  89  Days  the  Stat 
is  altogether  invifible ;  and  never  appears  abov.e  the  Horiion  from* 
the  Setting  of  the  Sun  to  the  Riiing. 

2,  That  from  the  time  of  its  Cofmical  Rifing  July  the  3  ly?,  when 
it  firft  begins  to  appear  on  the  Eaftern  Limb  of  the  Horizon  befoKc 
Sun  Rife,  to  the  time  of  its  jichronkal  Setting  May  the  3^,  when  it 
appears  upon  the  Wcftern  Limb  of  the  Horizon  juA  after  Sun  Set, 
daring,  the  Space  of  2  7tf  Days  it  conftantly  appears  above  the  Hc^i- 
2oa  at  fome  part  of  the  Night  or  other. 

Botbecaufe  of  its  nearnefs  to  the  Sun  at  the-  time  e  fits  Cofmcal^ 
Riiiog  and  Achronkal  Setting  it  is  (o  far  Eclipfed  by  the  fuperior 
Light  of  the  Sun,  as  to  become  invifible  ;  to  determine  therefore  the 
time  when  a  Star  that  has  been  in  Conjun&ion  with  the  Sun,  is  fo  far 
left  by  himas  to  Emerge  out  of  his  Rays  and  become  viable ;  and  oa 
the  contrary,  to  pronounce  the  time  when  a  Star  that  has  beea. 
vifible  is  fo  far  overtaken  as  to  be  i  wall  owed  up  in  the  Solar  Ray  9^, 
is  by  ^^(^»o;»frr  termed  to  find  hcc  times  of  the  Heliacal  Rifing  and; 
Setting  of  that  Star- 
It  is  found  by  Obfcrvation  that  the  fmalleft  fixed  Stars  are  not  vi^ 
fible;  till  the  Hemifphere  is  wholly  free  from  the  Solar  Rays,  that  h- 
not  till  after  the  End  of  the  EveningTwilight,  and  before  theBegining 
of  Morning  Twilight ;    which  happens  when  the  Sun  is  1 8  De- 
grees below  the   Horizon.;  but  that  Stars  of  the  firft  Magnitude. 
may  be  fcen'whcn  thc_Sun  is  deprcffcd  12  Degrees,  and  that  others: 
become  vifible  at  proportional  Depreffions  between  i8  and  12  De- 
grees, according  to  their  diflferent  Magnitudes;  thati^,  Stars  of  rhc: 
6th  Magnitude  become  vifible  when  the  Sun  is  deprefled  17  Degrees,.. 
Scars  of  the  ^th  Magnitude  at  itf,  rhofe  of  the  4f*at  15  Degrec.%^ 
ihofe  of  the  3^  at  14  Degrees,  and  fhofe  of  the  id  at  13  Degrees  t 
Let  it  therefore  be  required  to  find  when  the  Bright  Star  Syriusi 
Rifts  and  Sets  Hdincally  at  London^  in  the  Latitude  ot  5 1  deg.  3  2  min, 
00  fee-  North,  it  being  a  Star  of  the  firft  Magnitude,  and  con/equent- 
ly  vifible  according  to  the  former  Law  in  the  Limb  of  the  Hoti- 
20D,  when  the  Sun  is  deprefled  1 2  Degrees  below  it. 

I.  In  the  adjacent  Figure,  Let  2  ON  H  reprefentthe  Meridian,, " 
HO  the  Horizon,  EC  z  portion  of  the  Ecliptic^  and  C  the  Place: 
of  the  Sun  in  the  Ecliptic  at  the  time  when  tbc<Star  KiksCoffniaUlyj, 
and  which  by  the  former  Method  of  Calcula^oi^  is  fouud  to  be  L$oi 

i7deg.  54min,  a.Sfec: 

a»  About.' 
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2.  About  thc^poittt  N  draw  the 
Small  Circle  men  at  the  diftancc  of  78 
Degtees  the  CompUroent  ok  the  Stars 
DcprdOGon  at  the  time  of  its  Beiia^ 
f/r/Ri(ing»  where  this  cuts  the  Eclip- 
tic in  tte  porot  b,  it  will  give  thcPlace 
ot  the  Sun  at  that  time,  and  to  find 
its  diftacce  from  the  Cofmcal  point  C, 
thro' the  Zenith  afid  Nadir  and  the 
point  /p,  draw  the  Vertical  Cirde 
Zrh;  then  in  the  Spherical  Triangle 
C  r  hy  Right-angled  at  r  are  given, 
rh  the  Sun's  Depreffioh  below  the  Horizon  equal  to  12  Degrees, 
and  the  Angle  r  C  h  formed  by  the  Eclipcic  and  the  Horizoo,  eqaal 
to  the  Angle  ECU,  equal  to  the  height  of  the  Noua^me  beibre 
found  ?  J  deg.  3 1  min.  49  tec.  whence  to  find  the  Hyportiomfe  C  A, 
the  dittance" between  the  Cofmkal  and  Heliacal  pomts  of  the  Edip- 
tic  it  will  be  by  the  loth  Cafe  of  Rigiit-angkd  Sfherical  Itiaj^Uy 
'  AsS  <rCh  .R:  :S.rh  .h.Ch  ;  that  is. 

As  the  Sine  of  the  Altitude  of  the  Nonageftme  53-3  i-49*P-9053485 

*      


To  the  Radius 


^»«»i 
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So  is  the  Sine  of  the  Depreffion  xi.oo.oo    ■      — 
To  the  Sine  of  the  Arch  C  *  x4'S9-<^i 


p.4125304 

Which  being  added  to  the  Place  of  the  Sun  £m  lydeg.  54niin. 

38  fee.  at  the  time  of  the  Ca/Mcal  Riling  gives  Virgp  2  deg.  53  mia. 

39  fee.  for  the  Place  of  the  Sun  at  the  time  ot  the  Heliacal RiGog, 
and  this  being  the  point  of  the  Ecliptic  that  the  Sua  poffeflcs  about 
the  i5r^  of  Augufi ;  ii  follows,  on  the  i^tboi  Jugufl  Sjrius  will  b^ 
to  appear  after  its  Gon junction,  with  the  Sun,  and  wiU  be  fcen  in  the 
Eaftetn  Limb  of  the  Horizon,  a  little  before  Sun  Rife. 

Again,  to  find  the  time  of  its  Heliacal  Setting. 
In  the  fame  Figwclet  C  reprefent  the  Place  of  the  Sun  in  the  Eclip- 
tic at  the  time  of  its  AcBrmical  Setting,  then  will  h  reprefent  the 
Place  of  the  Sim  at  the  time  of  its  Heliacal  Setting,  therefore  in  the 
Spheri<:al  Trkoglc  (ix-^A,  Right-anglied  at.  r  are  ^ciu  the  Side  r  b 
ijfedegr  00  min*  <>ot.i^-  the  Sun's  Deprpffionas  befojrei.and  the 
Angle  r  Ch  equal  in  this  Cafe  to  48  deg.  38  ^nim  4^  fcc^  the  Alti- 
tude of  the  NQnageJime  at  the  time  of  the  Achromcal  Setting,  whence 

to 
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to  find  tlie  Arch  of  the  Ecliptic  C^  che  diAance  bet^i^een  the  Jcbrt^^ 
niuil  and  Heliacnl  points  ot  the  Ecliptic  at  the  Setting,  it  will  be 
by  the  fame  CW/f, 

As  the  S.  <rr  C  A  :  /J  :  :  S-  r  A :  S.  C  A  j  that  is, 
As  the  Sine  of  Altitude  of  the  Nonagefimi  48.3845       ■  "^.8754?  \6 


■«• 


To  the  Radius  ■■»-> ^10  000000a 

So  is  the  Sine  of  the  Deprcffion  j  2.00.00  —— .— p.3 178789 

To.  the  Sine  of  the  Arch  of  diftance  C  h  1^-04.48  -»— 9.4424473 

-  Which  takcft  from  die  Place  of  the  Sun  itk  Taurus  23  deg,  43  min- 
27  fee.  at  the  time  of  ixsGbrmkal  Setting,  will  leave  laurtuoj  deg. 
38  min.  39  fee  for  the  Place  of  die  Sun  at  the  time  of  the  Heliacd 
Setting,  and  this  being  the  point  of  theEcUptic  that  theSun  poilelTes  a- 
bout  the  i6th  oi  jiprilj  it  follows,'  that  on  the  i6th  oi  April  the 
Briglit  Star  Syrius  will  be. feen  in  the  X^eftern  Edge  of  the  Horizon 
fome  little  time  after  Sun  Set,  and  after  that  will  diiappear  to '  the 
timeof  ksflip/iw^/Rjfing  ;  whence  it  is  manifcft,  that  trom  the  i6tb 
of  jifril  10  the  iph  of  Augufl,  during  the  Space  of  121  Days  the 
Bright  Scar  Syrim  is  invifible  to  the  Inhabitants  in  the  Latitude  of 
51  deg.  32  min.  00 ice.  and  that  during  the  remaining  part  of  the 
Yeatj  thai  is  for  theSpacc  of  245  Days,  *vsz>.  from  the  i^th  of  Augu/t 
t^tbe  i6th  oiApi-H  k  may  be  icen  above  the  Horizon  betii^een  Scm 
Set  and  Sim  Rife,  ^nd  thatmo^reor  ie&  according  as  the  S^r  i^ 
nearer  too,  or  tartber  from  tlie  Oppofition. 

After  the  {ame  m;iivner  ncMiy  the  time  of  the  Heliacal  Rifings  and 
Settings  of  any  of  the  Planets  be  found,  proper  Allowances  being 
Kiadc'for  their  Depttflion,  according  tK)  their  diflfettrtt  Btightmrfles,. 
which  according  to  the  Rules  laid  down  by  Afirammers,  is  for  Afcrr 
and  54ifirr»  about  n  Degrees,  (or  Jufifer  and  Mercury  10  Degrees>. 
and  for  Venus  5  Degrees ;  tho  when  ye?ius  is  at  her  greateft  Elonga- 
tion !from  tbe  Sun  foe  may  be  Jecn  wirfi  the  naked  Eye  any  time  of 

the  Dxy.  * 

TbcKnowkdge  of  thcfe  Poetical  KifingS'ami  Settings  of  the  Stars,. 
as  tJiey  are  ufualty  called,  and  of  which  frequent  riiention  is  made  by 
the  Ancient  Pi^etSy  Hifiorians^  and  Phihfofhersy  in  theii*  feveral  Wri* 
tings,  (and  therefore  neceflary  to  be  underfiood,  in  order  to  dear 
up  feveral  Paflages  contained  therein)  were  of  great  cfteem  among 
die  Ancients^  and  were  very  ufeful  to  them  in  adjufting  the  times  fet 

a-part 
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a-part  lor  their  Religious  and  Civil  Vks,  and  for  the  Seafins  proper 
ior  the  fevcral  Parts  of  Husbandry  i  for  as  their  Knowledge  of  the 
Motions  of  the  Heavenly  Bodies  was  noc  fufficient  to  adjuft  the  true 
Length  of  the  YeaFj  but  that  lometimcs  they  happened  lor>ger  and 
.foinetimea  ihorccr  than  at  other  times ;  and  as  theretumsof  the  Seafuns 
<lcpend  upon  the  approach  of  the  Sun,  to  the  Irofics  and  EqutmBinl 
poiots,  fo  they  made  Ufc  of  thefe  Rifings  and  Settings  as  Cri- 
teria to  determine  die  Commencement  of  the  deafens  proper  for  any 
life,  but  in  thefe  latter  Times,  fince  Mankind  is  arrived  to  fuch  a 
Per  fed  Knowledge  of  the  Motions  of  ( he  Sun  and  the  other  CodcfUal 
Bodies  as  to  pronounce  the  Length  ot  theYear,  the  Commencement 
of  theNew  and  Full  Moons,  the  Times  of  the  Conjrnaions  *of  ttc 
ieveral  Ccelcftial  Bodits,  to  the  greatcft  Degree  of  Exaftncfs  imaguu- 
ble,  the  Ufe  of  thefe  are  in  a  great  meafurc  laid  afidc,  and  good 
Caltndars  are  made  to  fupply  their  Places. 

As  the  Star  which  RUgs  HeliiuaSy  with  the  Sun  is  caDcd  the  Mom* 
dng  Star,  inafmuch  as  it  fhews  at  its  difappearance  when  the  Appa- 
rent Day  is  really  began,  fo  the  Star  that  Sets  HeliacaVy  is  called  the 
Evening  Star,  inafmuch  as  it  fhews  by  its  appearance  when  the  Ap- 
parent Day  ends,  and  the  Night  properly  begins;  and 'tis  at  thcfiift 
appearance  of  tliis  Star  that  the  Jewijb  Sabbath  properly  begins  and 

£nds« 

From  a  Knowledge  of  the  Times  oi  the  j%//isca/ Ri/ing  and  Set- 
ting of  the  Planet  '3upiter^  we  arc  taught  how  to  find  the  time  irfien 
Jupiter  i!^  fo  far  influenced  by  the  Solar  Rays  as  to  become  invifiblc, 
and  confequently  the  time  when  the  Eclipfes  of  his  Satellites  begin 
and  ceafe  to  be  vifiWe  ;  and  which  arc  of  very  great  Ufc  in  affign- 
ing  the  Differences  of  Longitude  between  thofc  Places  where  they 

may  be  obferved^ 

As  the  true  Place  of  the  Sun,  Moon,  &c.  is  that  point  in  the 
Heavens  which  is  pointed  out,  by  a  Line  drawn  from  the  Center  of 
the  Earth,  thro'  che  Center  of  the  Sun,  Moon,  &c^  fo  the  vifible  or 
apparent  Place  of  the  Sun,  Moon,  &c*  is  that  point  in  the  Heavens 
which  is  pointed  out,  by  a  Line  drawn  from  the  Eye  of  the  Obfcrver 
thro'  the  Center  of  the  Sun,  Moon,  &c.  and  the  diftance  between 
thole  two  Places  is  called  the  Parallax  ;  fo  that  the  Parallax  of  Al- 
titude of  the  Sun,  Moon,  &c.  is  an  Arch  of  a  Vertical  Circle  paf- 
ling  thro'  the  Sun^  Moon,  ^c.  and  intercepted  between  the  vifible 
and  true  Plaee- 

Th»s 
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Thus  in  the  adjacent  Figure^ 
where  C  reprefcnts  the  Center, 
Ol  a  Quadrant  of  the  Earths 
Superficies,  O  the  Place  of  the 
Obfenrer,  and  ^  >  £  a  Qua- 
drant of  the  Oib  of  one  of  the 
Planets,  iuppofe  the  Moon,  it 
is  manifeft,  that  as  the  Line 
C  ^  if  dra^n  from  the  Center 
of  the  Earth,  thro'  >  the  Cen- 
ter of  the  Moon  at  >,  gives 
cbe  true  Place  of  the  Moon  in 
A,  fo the  Line  O^  K  drawn 
from  the  Obfenrer  thro'  the 
Center  of  the  Moon,  will  give 
the  vifible  Place  atiT,  and  con- 
fequently  that|tbeAngle{0  >C  equal  to  tbeExcefs  of  the  Angle  PO  >, 
the  vifible  Zenith  Diitance  of  the  Moon,  or  Complement  ot  her  Al- 
titude above  the  Angle  FC^^  the  true  Zenith  Diflance  or  Comple- 
ment of  the  true  Altitude,  equal  to  the  Angle  H^  K^  will  be  the 
Parallax  of  the  Moon  in  the  point  >  ;  whence  i  t  follows, 
KJi.  That  when  the  Planet  is  in  the  Zenith  at  the  pointyf  or  D,  the 
Parallax  vanilhcs :  For  the  Line  CO  AD  in  this  Cafe^  which  is  drawn 
from  the  Center  of  the  Earth  at  C,  thro'  the  Planet  zt  A  ox  D 
coincides,  or  is  the  fame  with  the  Line  OA  A  drawn  from  the  Ob- 
ferver  thro*  the  fame  point  A  ox  IX 

2.  That  the  nearer  the  Planet  is  to  the  Earth,  the  greater  is 
its  Parallax  at  the  fame  Diflance  from  the  Zenith  or  at  the  fame 
Altitude ;  and  the  contrary . 

For  \zx  D  h  mE  reprefcnt  a  Quadrant  ot  the  Orb  of  Mars,  and 
let  us  fuppote  the  Planet  A//jrj  to  be  in  the  point  i,  where  tlie  Line 
dra^n  Irom  the  Center  of  the  Earth  thro'  the  Moon,  cuts  rlie  Or L: : 
of  the  Planet  Mars^  and  let  the  Line  O  \  I  from  the  Place  of  the 
Obfcrvcr  thro'  the  Planet  be  drawn,  then  will  the  Angle  0  ^^  C  c- 
qual  to  the  Angle  //  ^  7,  be  the  Parallax  of  Man  in  the  point  c?  ^ 
when  the  Planet  <J  has  the  fame  true  Zenith  Diflance  jFC/f  or  Alritude 
HCG,  with  the  Moon  in  the  point  >  ^  now  becaufe  in  the  two 
Triangles  C  •  O  and  C<i  O  the  Angle  -at  C  is  commpii,  it  follows, 
that  the  Angle  O  >  C  the  Parallax  of  the  Moon  in  the  point  >,  is 
greater  than  the  Angle  C  <J  O  the  Parallax  oi  Mars  in  the  point  <? , 
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by  the  Quantity  oi  the  Angle  <$0  );  and  this  will  happen  in  wfaatib- 
ever  part  of  the  Orb  the  point  >.  be  taken,  except  in  the  Zenith  jt. 

3.  That  the  Sines  of  the  Parallaxes  of  Altitude  of  the  fame  Plasec 
at  different  diftanc^s  frpm  the  Vertex,  are  direftly  as  the  Radius  to  the 
Sines  of  the  vifible  diftatice  of  the  Planet  from  the  Zenith,  or  as 
the  Co-fines  bf  their  vifiWc  ATtitudes  above  the  Horieon ;  for  in  chc 
Triangle  C^O  the^ine  of  the  Parallax  of  Altitude  C  ^  O,  is  to  the 
Sine  ot  the  Angle  )0^,  the  vifiWe  diftance  of  the  Moon  from  the 
Zeniih^asthe  Side  C  O  the  Senji-diameter  of  the  Earth  is  to  C  >  the 
mean  diftaoce  of  the  Mobn  from  the  Earths  Center  1  and  in  the  Tri- 
angle ClVy  ^hfSipc  pf  the  Parallax  of  Altitude  C/0  is  to  the 
Sine  of  th^  Angle;^  0/  the  wfible  diftamce  of  the  Moon  from  the 
Zen(th-4,  ^s  the  Si^e  COriieJ^arths Semi-diameter, is  to C/ equal  to 
C  >j  eba  Moon^sdillance  from  the  Center  of  the  Earth ;  wherefore^ 
becaufc  thctwo  laft  Terms  in  each  Proportion  are  the  fame,  thc^  two 
nrft  Terms  in  each  will  be  diredly  proportional  ;  that  is,  the  Sine 
of  the  Fa  rallax  in  the  point/ will  be  to  the  Sine  of  the  Parallax  in  the 
point  > ,  as  the  Sine  of  the  diftance  of  the  point  /  from  the  Zenith 
A^  to  the  Sine  of  the  diftance  of  the  point  >  from  the  fame  poim 
A ;  whence  it  follows, 

i.  That  the  nearer  the  Planets  ^re  to  the  Zenith,  the  left  is  their 
Parallax  of  Altitude  ;  and  on  the  contrary,  the  farther  any  of  the 
Planets  is  removed  from  the  Zenith,  the  greater  is  its  Parallax  of 
Altitude ;  and  confequently  wheh  the  Planets  are  in  the  Horizon, 
their  Parallax  will  be  the  greateft  ;  and  becaufe  at  that  time  their 
diftance  from  the  Zenith  is  equal  to  a  Quadrant  or  po  Deg.  and  that 
the  Sine  of  po  Degrees  is  equal  ro  the  Radius,  it  follows. 

That  as  the  Radius  is  to  theSine  of  the  vifible  diftance  of  anyPlanet 
from  the  Zenith,  or  to  the  Co-fine  of  its  Altitude  above  the  Hori- 
zon, fo  is  the  Sine  of  the  horizontal  Parallax,  to  the  Sine  of  its  Pa- 
rallax at  that  Altitude ;  and  confequently  the  horizontal  Parallax 
being  given,  the  Parallax  at  any  Altitude  is  likewife  given  5  and  ^o 
the  contrary,  theParallaxatany  Altitude  being  given,  the  horizon* 
tal  Parallax  may  be  eafily  known. 

4'  From  the  Projection  it  is  manifeft,  that  the  nearer  the  Mo<m 
or  any  other  Planet  that  has  a  Senfible  Purallax,  approaches  the  Zc^ 
nith  the  nearer  it  is  to  the  Obferver,  and  the  greater  is  its  apparent 
Semi-diameter:  For  in  the  Triangles  CO  lor  CO  >,  the  Sides  OC 
C/indOC,  C>  remaining  the  fame,  the  leffer  the  contained  Angle 
OClm^  00^  theleffer  will  be  theoppofite  Side  Om,  01>  ^  till  at 
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lad  when  the  Planet  arrives  at  the  Zenith  in  tlie  point  j4,  it  is  nearer 
to  the  Obferver  placed  in  the  point  O,  then  it  is  at  the  Horizon  m, 
by  almoft  the  whole  Semi-diamecer  of  the  Earth  0  C. 

Whence  it  is  manifcfi,  that  the  apparient  Diameters  of  the  Planets 
are  leaft  in  the  Horizon,  and  greateft  in  the  Zcnich  ,•  and  are  to 
each  other  at  the  feveral  intermediate  difiances  as  the  Sines  of  thote 
reipedive  diftances  from  the  Zenith. 

5.  The  Parallax  of  the  Moon  or  of  any  Planet  at  ainy  Altitude 
being  known,  the  diftance  of  the  Moon  or  of  that  Planet  from  the 
Earth  is  eafily  found  ;  and  on  the  contrary,  the  diftance  of  the  Pla- 
net BroiQL  the  Earth  being  known  or  given,  the  Parallax  at  any  Alti- 
tude is  eafily  had  :  Thus  in  the  Triangle  C  0  /,  if  the  Moon's  hori- 
zontal Parallax  or  the  Angle  C  /O^  be  fuppofed  i  degree  or  60  mi- 
nutes, her  diftance  from  the  Center  of  the  Earth  will  be  found  to 
be  $7-^9^7  of  the  Earths  Semi-diameters  ;  for  as  the  Sine  of  the  An- 
gle C/0  of  one  Degree  is  to  the  Radius,  fo  is  theScmidiameter  OC 
of  the  Earth,  in  this  Cafe  fuppofed  Unity,  to  C  /the  diftance  of  the 
Moon  from  the  Center  in  the  fame  parts ;  and  hence  we  are  taught 
how  to  find  the  Parallax  of  Altitude  of  the  Moon,  .and  confequently 
her  vifible  Altitude  from  the  horizontal  Parallax  (which  is  always 
given  in  the  Tables)  ^nd  the  true  diflance  of  the  Moon  frpm  the 
Zenith,  or  her  Altitude  above  the  Horizon.  Suppofe  for  Example, 
the  Moon  at  >,and  it  were  required  to  find  tfie  vifibic Altitude  of  the 
Moon  >  0/,  her  horizontal  Parallax  OlC,  being  ypmjn.  45  fee, 
and  her  true  Zenith,  diflance  AC^  6$  deg.  4J  min.  20  fee.  pv  her 
true  Altitude  >  CjB  24  deg.  14  min.  40  fee. 

I ,  By  the  former  Method  of  Calculation  her  diftance  from  the 
Earth  C>  will  be  found  to  be  5f7*543  Semi-diameters  of  the  Earth, 
wherefore  in  the  Triangle  O  >C  are  given,  C  0  the  Semi-diameter  of 
the  Earth  equal  toUnity,  the  Side  C  >  the  mean  diftance  of  the  Moon 
in  the  fame  parts,  equal  to  57-54?>  and  the  contained  Angle  0  C  >, 
thcMoons  true  diftance  from  the  Zenith,  equal  to  6$  deg.  45  min 
aofec.  whence  by  the  /{th  Cafe  of  iHique- angled  Plane  IriangleSy  the 
Angle  0  ^  C  the  Moons  Parallax  of  Altitude  will  be  found  to  be 
54  min.  51  fee.  I,  the  Angle  AO  1>  her  vifible  Zenith  diftance  66 
deg.  40  min*  ii  fee- 1,  and  confequently  her  vifible  Altitwde  or  the 
Angle  ^Oly  will  be  found  to  be  2  j  deg-   19  min.  48  fee.  f. 

The  Knowledge  of  the  Parallaxes  are  of  the  greateft  Dfe  in  Afiro- 
nomy,  fince  by  them  the  true  Magnitudes,  Diftances  and  Periods  of 
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the  heavenly  Bodies  are  exaftly  known,  but  the  manner  of  deter 
miningl  them  from  Obfcrvations  being  a  little  fordgn  to  my pttfcnt 
Dcfign,  1  fliall  refer  the  Reader  to  the  feveral  excellent  Ireatifes  that 
have  been  wrocc  upon  them^  till  a  more  convenient  Opportunity 
ofi'ers  it  felf. 

From  the  Parallax  of  Altitude  or  Angle  of  Deprcflion,  by  the 
means  of  which  the  Planets  appear  at  a  greater  diilance  from  the 
Zenith  than  othcrwife  they  would  do,  there  will  arife  a  Parallax  of 
Longitude  or  of  Latitude,  or  of  both  ^  ?jid  confcquently  a  Parallax 
of  Right  Afccnfion  or  Declination,  or  of  both. 

Thus  if  the  Planet  happen  to  be  in  the  Ecliptic,  and  the  Edipdc 
become  a  Vertical  Circle,  as  it  will  do  at  thofe  times,  and  at  thofe 
Places  where  theLatitude  o(  the  Place  becomes  equal  to  theDedioa- 
tion  of  the  point  oi  the  Ecliptic  which  the  Planet  poflefifes  at  die 
given  time,  and  both  the  (ameway^  then  the  Planet  being  deprefied  io 
the  Ecliptic  it  felf,  there  can  be  no  Parallax  of  Latitude,  bot  the 
Parallax  of  Altitude  will  become  the  Parallax  of  Longitude,  and  be 
equal  to  it.  For  Exan^k^  fuppofe  the  Moon  in  Leo  oo  deg«  05  mm. 
3 1  (ec.  and  upon  her  Aicending  Node,  when  her  horizontal  Parallax 
is  55  min.  3  2  fee.  and  which  tmppens  upon  the  idoiyanuary  171 1, 
at  15  h.  41  m.  opf.  becaufe  at  the  Height  of  4odeg.  47  min.  05 
fee.  her  Parallax  of  Altitude  is  42  min.  29  fec*^,  her  vifible  or  apparent 
Place  if  (he  be  on  the  Eaftem  Side  of  the  Nonagefitnij  will  be  Lro 
00  deg.  45  min.  00  fccf,  but  if  Ihe  be  on  the  WeA  Side  of  the  iVb- 
nngefimi,  her  vifible  Place  will  be  Cancer  29  deg.  2 1  min.  02  fee. 

Irthe  Planet  be  in  thcNonageJtme^  or  upon  that  Vertical  Circle  that 
paffes  thro'  the  Poles  of  the  Ecliptic,  and  confequently  cuts  the  £- 
cliptic  at  Right-angles,  becaufe  in  this  Cafe  the  Hanet  is  deprdETed  in 
the  Circle  of  Longitude,  the  Parallax  of  Longitude  ceafes,  and  the 
Parallax  of  Latitude  becomes  equal  to  the  Parallax  of  Altitude  : 
Thus  for  Examfk,  at  London  on  the  td  of  January  1721,  at  13  h- 
00  min.  03  fee*  when  the  Moon  is  in  Cancer  28  deg«  44  min.  S7  fee. 
having  00  deg.  08  min.  16  (ec.  South  Latitude,  and  upon  t\k  Aft- 
agejimey  at  which  time  her  true  Altitude  beit^  57  deg.  55  min-  09 
fee.  and  her  horizontal  Parallax  5  5  min*  j  2  fee*  her  ^ralhx  of  Alti- 
tude will  be  29'  ;3",and  confequently  her  vifible  Latitude  will  be 
00  deg.  ^8  min.  09  fee.  South ;  for  the  Parallax  deprefles  the  faine 
way  as  the  Planet  appears,  that  is,  if  they  appear  to  the  Southward 
of  the  Zenith,  the  Parallax  depreifes  them  to  the  Southward  ;  and 
confequently  diminiflics  their  Latitude  if  it  be  Nort^  and  inoca- 
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fes  It  if  It  be  South ;  and  on  the  a>nrrary,  if  the  Planets  appear  to  the 
Northward  of  the  Zenith^  the  Parallax  increafes  their  Latitude  if 
it  be  North,  but  diminifbes  if  it  be  South  :   All  which  are  fo  ob- 
vious that  they  need  no  further  Explanation. 

But  if  the  Planet  appear  neither  in  the  Ecliptic  nor  upon  the 
Nonagifimey  or  in  the  Vertical  Circle  paffing  thro' it  i  that  is,  if  the 
Vertical  Circle  paffing  thro'  the  Planet  cuts  the  Ecliptic  at  Oblique- 
angles,  then  the  Parallax  of  Altitude  will  caufe  a  Parallax  both  of 
Latitude  and  Longitude,  and  how  both  may  be  obtained  will  ap- 
pear by  the  following  Example^ 

On  the  aiof  January  1721,  at  15  h-  41  m.  09  f.  apparent  time, 
according  to  lAt.Flamfieeifs  Lunar  Tat  lis,  publiflied  in  hisDoBrine  ^ 
theSfherty  theMoon  will  be  in  Z>o  3  min.  |  s  fee.  and  upon  her  afcen- 
diog  Node ;  let  ic  therefore  be  requirtd  to  find  her  Parallax  of  Lon- 
gitude and  Latitude,  and  confequently  her  vifible  Place  and  vifible 
Latitude,  her  horizontal  Parallax  at  that  time  being  55  min.  3  a  fee 

On  die  %d  of  January 
172U  ^^  15  h.  41m.  09 f. 
the  Sun  w91  be  in  Cafri* 
cam  24deg.  01  min.  ^fcc: 
and  confequently  his  Right 
Afcenfion  according  to  the 
fotmer  Methods  ot  Invef- 
tigaiion  will  be  found  to 
be  295  deg.  55  min.  jofec. 
equal  to  19  h«  4}  m.  42  f 
to  this  therefore  adding 
15  h.  41  m.  09  f.  the  time 
paft  from  the  preceding 
Noon,  equal  to  23  j  deg. 
17mm.  isfec.  we  fliall  have 
the  Right  Afcenfion  ot  the 

Mid-Heaven,   or  Degree  r       -     u 

then  under  the  Meridian,  equal  to  171  deg.  «  mm-  45  f".  or  1  ih. 

^'*Wha>ce  the  Degree  of  the  Ecliptic  then  Culminating,  wiU  be  found 
CO  be  rnio  »odeg.  15  min.  jpfec  its  Declination  ^«  3  deg.  47 
<o  feet.  N.  and  confequently  its  Altitude  B  »  will  be  Aideg.  i  j  mm- 
50  fee  4  and  its  Diftance  from  the  Zenith  Z  w  47  deg.  8  min.  i  * 
fee  and  the  Angle  Zmu  formed  by  the  Echpac  and  Meridian 
66  dcs<  48  «nin.  3©  fee.  ***"** 


5  o  1  Ajlrommkal  Trohlems. 

Hence  the  Altitude  of  the  Nonagejime  n  will  be  found  to  be  47 
deg.  08  mill.  12  fee-  and  its  diftance  from  the  Vertex  Z  n  42  deg 
5 1  mill.  48  fee  its  diftance  from  the  Mid-Heaven  23  deg,  25  mk 
43  fee  f,  and  confequcntly  the  Nonagejime  its  felf  will  be  in  Le^  27 
dcg.  00  rain.  1 5  fee*  f . 

And  bec^ufe  the  Moon's  true  Place  is  in  Leo  00  dcg.  03  xnin.  ji 
fee.  hcrdiftance  from  the  Nonagejime  will  be  26  deg.  56  min.  44fcCf, 
to  the  Weft  ward  of  the  Nonagejime  or  in  AntecedenCC)  whence  the 
Moon's  true  Altitude  at  that  time  a  >.  will  be  found  to  be  40  dcg 
47  min.  05  fee.  her  Zenith  diftance  2  >  4p  deg.  12  min.  55  fee. 
<;nd  the  Parallaftic  Angle  Z  >«  ^3deg,  58  min.  30  fee. 

And  becaufe  her  horizontal  Parallax  is  55  min.  3  a  fee.  her  Paral- 
lax at  the  Altitude  of  40  deg.  47  min.  o j  fee.  will  be  42  min.  29 
fee.  j.  Wherefore, 

Set  ofl'  42'  2p"  ?,  in  the  Vertical  Circle  Z  >rt  paiEng  thro*  cheMoon 
from  >  the  true  Place  of  the  Moon  to  /,  then  will  /  be  the  Mot^s 
vifiblcPlace,  and  thro*  the  point  /  and  the  Pole  of  the  Ecliptic /draw 
theCircle  of  Longitude/^  /  /,  then  will  /  /  be  her  vifible  diftance  from 
the  South  Pole  of  the  Ecliptic,  or  .Complement  of  her  Latitude  rr 
her  vifible  Longitude  ;  and  confcquently  >  t  her  Parallax  of  Longi- 
tude, and  It  her  Parallax  of  Latitude  ;  to  find  each  of  which  Trigo- 
nometrically,  in  the  Right-angled  Spherical  Triangle  >  //  Right- 
angled  at  t  are  given,  >  /  the  Moon^s  Parallax  of  Altimdc  42  min. 
29  fee  f,  and  the  Angle  /  >  t  equal  to  the  parallaaic  Angle  Z  )  n 
equal  t6  53deg.  jSmin-  30  fee.  whence  to  find  \(l  It  the  Pa- 
rallax of  Altitude,  it  will  be  by  the  ^th  Cafe  of  Right  m^ied  '^kri- 
ial  Jriang/eSy 

Asi{:S.  >/:  :S*</  >^:S.//5  thacis. 

As  the  Radius 10  0000000 

Tothe  Sine  of  the  parallaftic  Angle  63.3:8.30 9-953$^'^'^ 

So  is  the  Sine  of  the  parallax  of  Altitude  42.2^! S.0919S9S 

To  the  Sine  of  the  parallax  of  Latitude  38.11 8  0455575 

Which  becaufe  the  Moon  was  upon  her  afcending  Node,  anJ 
confequently  has  no  true  Latitude,  gives  00  deg,  3  8  min.  1 1  fee-  tor 
her  .viable.  Latitude  South . 

Again,  to  find  >  t  her  Parallax  in  ^-ongitude,  it  will  be  by  the 
^tb  Cafe  o( Right-angled  Sfhemal  Tt  tangles^ 

As 
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As  H  :  cs,  <  /  >  f  :  :  t,  >  / :  t,  >  t;  that  is, 

As  the  Radius—- ^«i        ' '  •*—  -..— —  __   i o.ooooooo 


To  the  Confine  of  the  paralladic  Angle  tfj-jS.jo 9.6422304 

So  is  the  Tangent  of  the  Parallax  of  Altitude  ^lij^'k  ^ — 8  09202  20  • 

To  the  Tang,  of  the  Parallax  of  Longitude  18.391 — 7.7342  j  24 


••■- 


Which  taken  from  the  Moon's  true  Longitude  Leo  co  def^.  03  min. 
3  I  fec*becaufe  the  Moon  is  on  the  Wefiern  Side  of  the  Nonagejimey 
gives  Cancer  29  dcg-  44  min.  52  fee.  i  for  the  Moon's  vifible  Place. 

But  if  the  Moon  had  been  on  the  Eaftern  Side  of  the  Nonagefir 
mcy  then  her  true  Place  would  l^ve  preceded  her  vifible,  and  con- 
lequently  the  Parallax  muft  have  been  added  to  the  true  Place,  to 
have  obtained  the  vifible. 

The  ParalU&ic  Triangle  >  /^  tho'  really  Spherical,  yet  by  rea- 
fon  of  its  exceeding  fmallnefs,  n^y  for  the. Eafe  of  Calculation  be 
confidered  as  a  Plane  Triangle,  fince  the  Anfwers  to  all  Intents  and 
Purpofes  are  the  fame,  as  will  appear  by  the  following  Calculation. 

The  Parallax  of  Altitude  is  42  min.  29  fee-  f,  which  being  redu- 
ced into  Seconds  makes  2549.5  for  the  Length  of  the  Side  >/; 
wherefore  by  the  i/?  Cafe  o(  Right-angled  Plane  Triangles^  to  find  the 
Side  / 1  the  Parallax  of  Latitude  it  will  be, 

MRi<J^  ti  :  S.  y  tilt ',  that  is. 
As  the  Radius — ' — «—  ■>   ■-  *  ■     "^  10.0000000 


To  the  Sine  of  the  parallaftic  Angle  tf3-58«3o  9.9535^77 

So  is  the  Logar.  of  the  Par*  of  Alt.  in  Seconds  2 549- 5  3.40^4550 

To  theLogar.  of  the  Par- of  Latitude  in  Seconds  2291.6  3-3600227 

Which  being  reduced  into  Minutes  and  Seconds,  by  dividing ^by 
60,  makes  38  min.  1 1  fee.  for  the  Parallax  of  Latitude  as  before 
found- 

And  for  the  Side  >  t  the  Parallax  of  Longitude,  it  will  be  by  the 
fame  Cafe  of  Rigbt-angUd  Plane  Triangles, 

As 
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As  ii  :  </  J. *  :  :CS,  /  >  :  /  >  J  thatis. 

As  the  Radius ■  lo  ooooom 

To  the  Co-fine  of  the  parallaftic  Angle  <J3.58.jo 9.642*304 

So  is  the  Log  of  thcPar.  of  Altitude  in  Seconds  1549.5  3-4od4J5o 

To  the  L<^-  of  the  Par*  of  Longit.  in  Seconds  in8.6  — 5.048*814 

Which  being  reduced  into  Minutes  and  Seconds  makes  i8  B»in 
38  fee.  i4,  the  fame  as  was  found  by  the  former  Calculation. 

But  if  the  Moon  have  any  Scnfiblc  Latitude,  it  will  render  the 
Calculation  a  little  more  intricate,  as  the  Reader  will  fee  by  the  Sub- 

fequent  Example 

Let  it  be  required  to  fitid  the  Parallax  oi  Latitude  and  Loogitude 
of  the  Moon  at  London^  on  the  la^  ot  June  1721,  at  j^h.  30m.  ap- 
parent time,  when  her  true  Place  is  in  ii*rtf  lefdeg.  a7min.  18  Ice. 
and  her  true  Latitude  5  deg-  15  ffin-  ^9  fee.  North,  (he  being  at 
that  time  near  the  Northern  Limits  and  her  borizootal  Parallax 

59  min  45  fee. 

The  Sun  on  the  22^  of  June  1721,  at  9  h.  gom.  is  in  CoMcer  11 
deg.  39  min.  5  3  fee.  and  confcquently  his  Right  Afceofion  is  101 
deg.  41  min.  06  fee.  f,  to  which  adding  the  timejpaft  from  Noon 
ph.  30  min.  00 fee- equal  to  142 deg.  30  min.  00 {ec.  the  Sum  24s 
deg.  1 1  min.  06  fee.  f  will  be  the  Right  Afccnfion  of  the  Mid- Hea- 
ven at  that  time,  whence  the  Angle  formed  by  thcEdiptic  andtfaeMc- 
ridian  will  be  found  to  be  80  deg*  22  min.  22  fee*  the  point  of  chc 
Ecliptic  then  under  the  Meridian  S^gittary,  7  d^.  o  1  min.  08  fee. 
and  its  diftance  from  the  Equator  21  deg.  31  min.  19  fee  to  the 
Southward,  which  therefore  added  to  the  diftance  of  the  Equator 
from  the  Vertex  51  deg.  32  min.  00  fee  will  give  73  deg.  03  mir. 
19  fee.  for  the  diftance  of  the  Mid- Heaven  from  the  Zetiich,  or  be- 
ing taken  from  38  deg.  28  min  00  fee  the  Height  of  the  Equator, 
will  leave  16  deg.  jdmin.  41  fee-  for  the  Altitude  of  the  Mid- 
Heaven,  or  diftance  between  the  Pole  of  the  Ecliptic  and  the  Zcniih 

Hence  tlie  Altitude  of  the  Nonagefime  will  be  found  to  be  19  deg 
25  min,  ©7  iec.  and  its  Diftance  from  the  Mid-Heaven  28  deg 
45  min.  43  fee  f  which  therefore  taken  from  the  Longitude  of  the 
Mid-Heaven  Sagittary  7  deg.  01  min,  08  fee.  becaufe  the  Miu- 
Heaven  is  between  Cancer  and  Capricorn^  will  leave  Scorfh  8  deg. 
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Whcfcfotc, 
If  ^om  the  Lottgicode  4}i  the  Ncm^ 
hgtfifi^  Set^fid^^dcg.  15  faun,  i^^fco 
be  taken  the  true  Place  of  the  Moon 
JJbm  -ttd.dcg.  aymia.  jk8  fcp. ,  thf 
Remamder .  1 1  deg.  48  min.  06  fee 
a^ill  give  the  Ihfterence  of  Longi-^ 
tude  between  the  Nomig^mf  a^d  the 
Moon,  equal  to  ihc  Angle  Zt^^ 
whence  ux  .find  2  > ,   the  true  dif-  >^1  4|^ 

or  Comfdement  of  her  Altitude,  and 
-the  Angle  Z  J^>  th^  Cptoplpmeqc  .       • 
of  lbc.par»lU^C  Angfc:  i  in  thp  0|?li||W-apgl<4  $I*vi»l  Ww^« 
Z^>  are  given,  Z  ^,  the  dmancp pf, the,  Vertex ,fri9m  ^^)?g|^  pt 
ttoJ^clvtic,  egwl  W  thjs  Akitwtepf  tfee  J^^l^gj^w,  iP^jil  to  ip 
dfig.  35roi9*  <>7icc-  the3ide«^>,  equjd  to  fhe  .CQiqpleiiient  pf  the 
Jttfj^ns  «nic Jititudc,  cqwl  -tp  ^4  4sg,  44  win  pi  (ep.  »n4  the  cpjj- 
tiiiwd  A«g^«  >  ^  Z^  ^aal  to  ihc  JJifictptw?  pf  JLp^gitjifjle  bf twcc^n 
the  WlPon.W. *e  Nont^fim^ l  whcrw  ^Pi^od  ficjjb,  the  Q>nip^ 
iiiffocpf  tl^e paTi^Uaftic  Ai;«lc ^ >jZ,  ifinrfll  t^  by  tUf  9thC^,qi 
OhUqi^anglfii  Sfimical  Triangles,  Wv^  fitft  ifli^gwd  a  ?frpcmJi- 
Gular  to  fott  frpfP  ^c  point  Z  wppp  sfee.pppofu?  $<dp  ^  >, 

Aii{  :c«/CZy^  :  :  t^Z^*  :t,.ofja4lA  Ar^hi  f  hat  i^ 
,As  the  Radios  *^"^"'' *' ^ '  ^'mr*'-^*  ^..i'    u      .. — r—icpgooopp 


,.     I     ■■■■■-  7  n    ■ 

*  • 

To  Ae  Co-fin*  of  th*  An^e Z'^J  1 148^0^ — ^ p  9Pf>7a « J 

So  is  the  TaQgcocof  the  Aroh  "^  Z  ip.a^-o?  ■■  ■  9  547*347 

To  the  Taoginit  of  a  4ii  Arch  i9.m.i(^j  .  ■  i     > — r-p  sjypotfo 

'  ■   i  .      .  ■  ■■ 

Which  taken  from  the  Complement  pf  the  Moons  true  Latitude 
g^dcg.  44  min.  01  fee.  will  .lca?e  ^$  dcg,  41  min-  44  fee.  for  a 
6hhArch.    Wherefoce/ 

As  the  Sine  of  the  %tb  Arch  55.41.44—^ — » :z9j?J969f9 

To  the  Sine  of  the  4**  ArA  ip.oi.i*^    ■    ■  i     • py  i3475^ 

80 13  the  Tangent  of  the  Angle  Z  xJ  j  1.48^5  -«r«r^9.3aoos4a 

Td  the  Tangent  of  the  Angle  *>  Z  04.1tf.3tfT  ■  8.873803 » 

Sssts  Which 
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crut  Latitude  b<idg^^4  deg.  ^6±m,  ijfee.86ath,  Kt(  diAsoce ftoo 
(he  Ndrth  Pole  c?  the  Ecli^ctc^  will  be  94  deg.  ^6  Mm.  r;  fee 
hence  ^od  frcmi  the  Altitude  bf  the  Nimagefime  32  deg  24  mia.  57 
fee.  her  true  Altitude  abore  the  Horizon  vriil  be  feond  »>  be  11  dcg, 
28  xnin.  59  fee*  and  the  parallaftic  Angle  yodeg.  21  mia.  43  (ec 
'   Her  hOrizoftOl  Parallax  is  ^6  ftiift.  J 7  fee.  ^henc^  her  Parallax 
of  Altitude  will  befduhd  tob*  5j  ihiA-^dofec  Md  oonfequtmly 
'  her  Paralfalc  itl  Latitude  will  be  4^  luiti.  55  fee.  wbkh  added  to 
her  true  Latitude  4  dcg   ^Smixi.  19  fee.  beeaufcft  is  Souths  wiQ 
give  5  deg.  26  min-  lO  fee.  lor  her  vifible  Latitude  South :  Alfo  her 
Parallax  iA  Longitude  will  be  found  to  be  i'j  mio.  4^  fee.  which 
being  added  to  her  true  Pace,  becaufe  (he  is  on  the  Eaftem  Side  of 
the  Nonagepme^  will  give  "fanrtts  8  ieg.  19  min.  1 1  fee.  for  licr  fifible 
Place ;  and  confcquently  the  vifibic  Difference  of  Longitude  between 
her  and  the  Star  is  17  min.  49  fee  in  Confcquenee. 
'    At  5h    3  ?  in.  P.  M,  the  Sun  \%  in  Stmfh  11  ikg:  17  mia.  j2  fee. 
arid  cor.kquently  his  Right  Afetttfioft  is  n8<fcg.  51  min.  30  ice 
this  added  to  d  h.  33  m.  the  time  frem  Kdot),  'tqoad  to  9Sdcg.  15 
min.  CO  fee.  makes  317  dcg.  06  min.  jo  fee.  for  fbe  Right  Afccn- 
fion  of  the  Mid-heaven  at  that  timt,  ^^ence  ttie  Mid-heavefi  it  fdi 
will  be  found  to  be  \x\  Aquariuir^4^^  38  mih.  00  fee.  the  Angic 
formed  by   the  Ecliptic  and  the  Meridian  75  dcg.  oi  wxi-  galec. 
and  theDcdinicionoftheMid-Hetttcn  t^d6g.  i«  alia.  2j  tec.  S 
and  confcquently  its  diftatice  from  the  2enitb  ^%  deg.  00  mia*  23  fire 
whence  the  didance  of  the  thna^mt  trofti  the  Mid^-Hciven  will  be 
jFound  to  be   3$  deg.  51  min.  3  7  fee-  in  -CdA<i!<|atn4e  \   the  Mid- 
lieaven  it  fclf  in  fif<xs  20  deg.  25  mift.  57  foe.  and  VL%  Altitude 
27  dcg.  3 1  min.  20  fee. 

The  Moon's  trne  Plate  is  ih  Taurus  o74eg  35  miD*  14  fire. 
whence  the  Difference  of  Longitwde  bet^;^en  her  and  the  jN^mj;/- 
fime  is  47  dcg.  05  min.  37  {^c.  at  ni  kh  time  her  tune  Latitude  bc^ 
ing4deg.  37  min.  12  fee.  SciTth,  her  diftanccfr^m  the  wfibfc  Pole 
of  the  Ecliptic  is  94  dcg.  37  min.  12  fee-  hence  and  from  the  Alti- 
tude of  the2\?b»^|§^7«e  27  deg.  3 1  min-  aotfec.  her  trwc  Altitude  wiil 
be  found  to  be  13  deg.  37  mm.  i4ltc.  and  the  parallaAic  Aai^ 
€9  deg.  5  8  min.  1 3  fee 

Her  horiiontal  ParaHax'  being  %6rtiifi.  37  <fec  her  ParaOax  of 
Altitude  will  be  found  to  be  75  min.  rVTec.  and  confeqaemly  her 
Parallax  in  Longitude  will  be  iS  mtn    53^ec.  which  being  added 

*ie  true  Place  Tac^ri^x  o7deg  35  niin.  14  fee.  will  give  hefjvtfiUe 
?  in  laurui^deg'  "t^mia^  j^c.  which  taleca  mm  bcrftffaie 

Place 
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Pkce  before  fettud  7awM$  8  dcg-  #9  miti.  i j  fec^wUl toavc  ^;  mtfi 
04  fee  for  the  vi(ibk  motidn  of  tho  Mooa  ia  Longitude,  bccwien 
the  eiines of  Calculation  tf  h.  33111.  and  7h.  aim.  oSfec.  dumg 

the  Space  of  49  min^  08  fee. 

Whence  to  tiQcl  the  mean  Time  of  the  vifiUe  Conpm&ipn^  it  vrill 
be  as  25  mir^  04  lee,  the  Difitrenco  between  the  vifibJc  Places  ot 
the  Moon  at  6  h«  33  m-  and  at  jh-  i%  m;  o&  f.  the  time  of  the 
true  ConjiinAion  to  49  mm.  08  fee.  the  DifforciKc  bet\»«ccn  tUe 
times  ;  To  is  i7mio.  49  fee.  the  vifible  diftance  of  the  Moon  from 
the  Conjunaion,  at  the  time  ot  the  true  ConiuncWon,  eqoal  to 
her  Parallax  in  Longitude  at  that  time,  to  34  min-  j  5  fee  the  inr 
terval  of  Time  between  the  true  and  vifible  Conjun&ioo,  which  be^ 
ingfubftrafted  from  yh.  22  m.' 08  f.  the  time  of  the  true  Con^ 
iunaion,  win  leave  tfh.  47  m*  13  i.  for  the  mean  time  of  the  vifiblr 
Conjuoftion,  to  which  adding  the  Equation  of  Days  i6  m.  07  f. 
the  Sum  yh.  3  m-  20  f.  will  be  the  apparent  time  ot  rhc  vifible 

Conkinftion-  ,         ^     .  ^  ,  ,    „ 

From  the  parallaaic  Angle  tf 9  deg.  58  mm.  13  fee  and  the  Pa- 
rallax of  Altitude  55  dcg-  18  min.  the  Parallax  ot  Latitude  will 
be  foimd  to  be  51  min.  57  fee.  this  added  to  her  true  Latitude 
A  dec.  37  milk  11  fee-  South,  will  give  y  deg.  29  min-  9  fee  for 
5cf  vifiMe  Latitude  6outb,  and  comparing  this  with  her  vifible  La- 
titude 5  deg,  ^6  mi«.  10  fee.  before  determined,  it  appears  that  her 
vifiWe  Akeration  o(  Laticiide  between  the  times  of  Calculation,  is 
It  m  ^9  (  iftoreafing  1  whence  to  find  the  Moon's  vifible  LatitudiJ  at 
tbc  <ime  ot  the  vifible  Co^itmat^n  it  will^e,  as  49  min-  08  fee,  the 
Diflerenec  between  *e  tiwws^  h*  33  m-  ^nd  7  h-  «a  »|n-  ^8  f  c. 
to  i  min.  59  fee.  the  0iiercn<e  ^f  Latitude,  &  is  34  own.  5«  fee 
th«  Oafeence  between  the  tape  and  vifible  ConjunSion,  to  2^ mm. 
«-rfec  the  oroporttenal  Akemtjon  ot  Latitude,  which  being  added 
to%<leff.  ir«4n.'»of<c.c*ie  ^ifibJcLatitudeof  the  MoDn  at  the 
tiii^  ofW<rtte  Co^«n^i««>  wiM  give  5  dfg-  »8^min-  i^foc^foc 
ihc  *iooH'^^ifiWc  Latitude  Sourfv,  at  the  time  of  the  vifiWe  Con- 

^'^^Tt^'stars  viflWe  Latitude  is  5  4ef!-  35«m-  JjA^South,  and 
cortfcquc«!ly  the  Center  of  tlie  Moon  paies  7  »mi.  i^»c  w  *« 
"Wmth wand  <rf  the  Star  r         i 

The  Modem's  horiwntalSemidiameteris  15  min.  aaicc  whence 
her  awarent  Senudiameter  at  aideg.  ^8win- 59  fee  of  Ajticudf, 
tmbe^foundtobe  15  min.  -7^,\^^^^^^^ 
of  iariwde  between  the  Star  and  the  Center  of  the  Moon,  the  Im- 
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mef  fion  of  the  Scar  under  the  Moon's  Body  wiUb<  found  to  be  at  dh. 
36  m-  4of.  at  the  diftancc  of  ijSdeg.  %  min.f,  from  the  Vertex  o^ 
the  Moon  on  the  EafteraSide  at  the  point /»  eqiial  to  the  Supplement 
of  the  Difference  between  the  firft  Angle  of  Incidence  61  deg; 
57  min*  38  fee-  and  2odcg.  00  min.  2  fee*  the  Complement  of  the 
parallaAic  Angle  <^pdeg.  59  min-  5^  fee. at  tliat  «ime- 

The  Moon's  apparent  Diameter  at  the  Altitude  of  ij  d^.  jymia. 
^4  fee-  is  4  5  min-  25  fecf^iience  the  time  of  the  Emerfion  feom  under 
iche  Moon's  Body  will  be  found  to  be  at  7  h.  30  m«  04  fee.  after  it 
'has  continued  under  the  Body  of^  or  been  covered  by  the  Moon  for 
the  Space  of  53  min.  24  fee  and  will  appear  on  the  Weftern  Limb 
x>f  the  Moon  at  the  point  E,  at  the  diflance  of  98  deg.  3  2  min.  from 
the  Vertex,  equal  to  thefSupplemen t  of  81  deg.  28  min.  the  Sam  of 
«he  fecond  Angle  of  Incidence  61  deg.  53  min.  40  fee.  and  ipdcg. 
34  min.  27  fee.  the  Complement  of  the  paralladic  Angle  Todcg* 
4^5  min«  33  ice.  at  that  time  ^  as  in  the  following  Figure. 

Again,  on  the  i6tb  of  Jmaarj 
^    .  *7i*>  at  14  h.  oom.  00 1.  P.  Af. 

the  Moon  will  be  in  Conjuodion 
with  the  Southern  Horn  of  the  BuU^ 
wfaofe  Place  according  to  Mr.  j%sv- 
y?^/M(*sXitaloguc,  is  Gemixi  20  deg. 
54  min-  35  fee.  having  02  deg.  14 
min.  24  fee*  South  Latitnde;  at 
which  time  the  Sun  being  in  Aqua- 
rius  7  deg.  $6  min.  y  i  fee  faisRighc 
AfcenfioD  will  be  found  to  be  310 
deg.  22  min«  20  fee.  to  which  ad- 
ding the  time  of  the  Conjuoaion 
.  14b*  ^^on^- oof.  equal  to  210 deg 

00  nun.  ooiec«theSum  itfodeg.  22  min.  20 fee  will  be  tbeRi'^hc 
Afcenfion  of  the  Mid-Heaven  at  that  time  ,•  hence  the  JMBd-Hcavcn 
-It  felf  will  be  found  to  be  in  Plrgo  8  deg.  45  min.  08  fee.  its  De- 
cimation 8  deg.  18  min.  iifecf  North,  and  confequently  its  dif- 
«ncefrom  the  2cnith  43  deg.  13  min.  48  fee  f.  and  the  Angle 
formed  by  the  Ecliptic  and  the  Meridian  57  deg.  57x1110.  20  fee 
hence  the  diftance  of  the  Konagefime  from  the  Mid-Heaven  wiU  be 
found  to  be  15^  deg.  2d  min.  03  fee.  in  Antecedence,  and  confc- 
<iuently  the  Mid-Heaven  it  felf  is  leo  19  deg.  10  mia.  os  fee-  and 
its  Altitude  jodeg.  35  min.  atffec.  u  . 
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1rhc-MotonVtrQC,Plact»:in(?«»iii  abdeg.  54mirL  3  j  fee  whence 
the  Diflference  of  Longitude  between  the  Moon  and  the  Nonagefimeis 
58  deg.  14  min.  30  fee*  at  which  time  her  true  Latitude  being  i  deg. 
48  min*  25  fee.  Souths  her  diftancefrooi  the  viiiblePole  oftbe  Eclip- 
tic will  be  pi  dcg.  48  min-  25  fee.  whence  and  from  the  Altitude 
of  the  NMagffimi.^o  deg*  j5  mitt-  26  fee- 1,  her  true  Altitude  above 
the  Horizon  will  be  found,  to  be.  22  dcg.  35  min*  j^4  fee.  and  the  pa* 
ralla&ic  Angle  44deg«  31  min*  25?  lee. 

The  Moon's  horkontal  Parallax  is  55  m.  15  f.  whence  her  Parairax 
of  Altitude  will  be  found  to  be  51  m.  19  C  and  confequently  her 
Parallax  in  LatimdcLwiHUe  3  5  miq.  $9  fee  which  added  to  her  true 
Latitude  x  deg.  48 min. .25  fee.  South^^willgiveherviflble  Latitudie 
adeg.  24  min.  24.  fee  alfo  her  Faraliax  in  u>ngitude  will  befouncl 
CO  be  36  min.  35  fec«  which  beiog  iubflra&ed  f;om  her  true  Place 
Gimini  20  degv  $4  mia*  3$  fec^  becaufe  ihe  is  on  the  Weftem  Side. 
oitht  Nonafffim^  will  leave  (rrmty*  2odeg.  xSmin-  for  her  viiible 
Place  at  that  time,  and  confeqpently  the  vifiUe  JQifieftace  of  Lon- 
gitude between  her  and  the  Star  is  ^5  min.  3.5  fee-,  in  Anteo»lence. 

At  x<$h*  00  m*  00  f'  p.  M.  the  fame  Di(y»  the  Moon  will  be  in 
Gimini  21  deg*  $5  min*  27  fee-  having  i  deg*  43  fflii>  21  fee.  Sovth. 
Latitude,  at  wbidi  time  the  Sun  beitig  in  Aqudrim-  8  deg.  i  min. 
5  3  fee.  the  vifible  Place  of  the  Moon  by  the  former  Method  oi  Cal^ 
culadon  will  be  found  to  be  Gemini   21  deg*  20  min*  20  fee.  and; 
her  vifible  Latitude  2  deg*  25  min.  4$  fee*  South,  whence  to  find. 
the  timeof  the  vifible  Conjunftion  ir  will  as  62  min.  20  fee-  the  vi^ 
fible  motion  of  the  Moon  in  Two  Hours,  to  2  h-  fa  is  35  min  3  5 
fee.  the  vifible  Di&renceot  Longitude  between  the  Moon  and  this 
Star,  to  r  h*  10  min*  26  fee*  the  Interval  of  Time  between  the 
true  and  vifible  Conjunftion  i  which  being  added  to  the  tiine  of  the 
true  Conjunftiofi  14  h*  00  m.  00 J.  becaufe  the  Moon  is  in  Ante-» 
cedence  to  the  Star,  will .  give  1 5  b.  10  m.  2d  f.  for  the  medn/Thne 
of  the  vifible  Conjunfiion,  jfrom  which  taking  away  the  E'quation 
of  Days,  13  min.  29rec«  there  will  remain    14  h*  5^  m.  57  f..  fbc^ 
the  apparent  time  of  the  vifible  Conjundion. 

And  for  the  vifible  Latitude  at  the  time  of  the  vifible  Conjun&ion 
it  win  be  as  2  Hours  to  i  min*  21  fee.  the  vifible  Difference  of  La« 
titude,  iaisi  b.  10  m.  16  i.  the  Difference  of  time  ber^een  the 
true  and  vifible  Conjunftton,  to  47  min-  the  proportional  Alterati- 
on of  l^atitude,  which  being  added  to.  %  deg.  24  min.  24 fee.  the 
vifible  Latitude  of  tbfttiotelic  t)ie  true  Conj^Qdion^v^ingrve  2aeg. 

25  mift- 
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i$  min:  xx  fee.  (or  the  vifible  Latkude  Soadi^  at  the  tiflie  of  the 
vifiblc  Conjunaion. 

The  Stars  vifible  Latitude  is  a  deg.  14  mio.  24  fee.  South,  and 
cofifcquently  the  Center  of  the  Moon  palles  10  min.  47  fee.  to  the 
Southward  of  the  Star. 

The  Moon's  horizontal  Semidiameter  is  i4iDin.  spiK,  whence 
her  apparent  Diameter  at  22  deg*  35  min.  of  Altitude,  viUbe  fo^ 
to  be  I  j;  min.  04  fee.  hence  and  trom  the  Ditfeience  erf"  Latitude  be* 
tween  the  Moon  and  the  Star,  rhe  Emerfion  will  be  found  to  be 
at  14  b.  3 dm.  58  fee.  at  the  diftance  of  2  deg.  5  min.  todbeEaft- 
ward  of  the  Vertex  ot  the  Moon,  and  the  Immerfion  at  1 5  fa.  x6  m. 
5  2  f.  '^en  the  Star  tnll  appear  on  the  Weftera  Limb  of  the  Moon 
at  tlie  diftance  of  €p  deg.  t'j  min.  4ron  the  vercicai  poiot  oi  the 
Moon^  as  is  esJiibited  in  the  ^oUowinj^f'^re* 

•  After  the  fiiine  manner  may  the 
time  when  the  Moon  .wiU  cover  anj 
of  the  Plaaees  fac  decenniQed^  or 
that  the  Moon  or  aoy  of  the  Pltf)ecs 
Will  pafsby,  or  approach  fooear  co 
any  iixed  Scar,  as  to  come  within 
the  compafs  of  a  TiUefcoff ;  fo  that 
the  time  of  their  vifibkConfKtfidijn 
and  the  diftance  of  their  Centers 
may  be  praaounced^  b^  ibe  help  or 
a  MierMffH^r^  which  latter  Appar- 
ances  are  called  the  Apjaulfei  of  tiic 
Moon  orPlanecs,  to  the  A«d:Sc2f^, 
and  are  of  equal  Benefit  and  Advantage  tothe^eamen^^th  thcOc- 
cultatibns  ^before  Inveftigated. 

An  cxaA  Knowledge  of  the  times  when  Appeasaocps  of  thi.^ 
kind  do  happen,  are  ot  very  great  Ufe  in  'finding  the  true  Place  o^ 
the  Moon  aqd  Planets,  and  the  Difierance  of  l^mgitodc  betwcu: 
thoTe  Places  where  they  can  be  obferred,  as  has  been  Aewn  in  its  pro- 
jperPlaee  :  «d  His  late  Majefty  fiing  Cbarks  the  Second,  was  io 
wen  »ailur^d  of  this,  that  one  of  the  principal  Ends  for  which  he 
Suilt  the  Royat  Ohfervatery  at  Gn^mvicb,  was  with  a  View  to  ob- 
itaina  good  and  correft  Catalogue  of  the  fixed  Soirs,  in  order  ro 
<obtaia  good  Tables  of  the  Atotitms  $f  the  M$en  and  of  the  reft  oi 
die  Planets,  and  render  predi&ions  ef  this  kind  more  ceruir 
xbat  grc^t  AffroKomer  and  moft  Ailftl  and  diiigamt.Oiffrvarr 
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himfelf^  has  arter  30  Yea^  mdefac^able  Pains  and  conUaot  Appli- 
cadbn  to  the  /&av^f^  happily  accomplii^^  ^  and  has  left  behind 
hico  the  tajrgeft  and  mo(l  exad  Catalogue  that  ever  the  World  was 
corieh'd  Withji^  containing  about  3500  Fixed  Sta^%  of  which  neat 
loop  lye  mdiui  the  ZcSiaCk,  to  the  ^teat  Hoqqur  of  the  Britijb 
Nation  and  the  lailing^  Reputation  of  the  Author  ;  .a  Treafure  that 
will  reader  his  Name  valuable  to  the  lateft  Fofierity ;  and  will  per- 
petuate his  iXtmoty  (o  long  a$  Men  fhall  view  .{he  Htaveus^  or  Ships 
iftil  «pon  the  Oce(m. 

By  the  fame  Method  as  w^  compute  the  Time  when  any  fi;ie;l. 
Star  will  be  Eclipfed  by  the  Moon;  and  its  Emerfion  ^m  bet,  or 
the  d^atice  of  the  Center  from  it,  when  not  covered  by  her,  may 
the  beginning.  Middle,  End,  or  Quan^ty  of  4  Solar  or  Lunar  £7 
clipfe ^ d^^ecmiBed^;  regard boing hadro tf)e hori;Lontal ParalUx of 
the  ^atii^  ki\s  Semi-d^me^r  and:  ijiourly  Motion ;  but  for  thi$  IcP^lj 
at  prefent  refer  the  Reader  to  the  Several  'treaxifes  that  have  boen 
Wrote  uppn  this  Subjci^,  apd  particularly  tp,  i\i^D0rwtd  th  ^^m 
where  he  will  find  thefe  thio^s^ffirH'rmfd.by  a  NewMethod^fCpor 
ftruaipn,  intiiely  free  ffpm  the  pqtfi^e^ceidaii^  yif ifiqatc  Con(ide(ati$ni[ 

of  Parallaxes.  .  :  i  .    .  -  ,.;     -^       •:  -^  .y.^^  ?■.■ 

As  the  gcoeroQS  an^jUnprejfudicdit^tfi^^^ill.l-^ildiljscoticlpd^f 
that  the frequcit  aiqution  ip^ads,  pLMf-^Jf^ffffteedy^csMQifvocf^d 
from  any  icifiOi  Viqvs?,  Cfmce  no  Aliyanti^ge  can.  arife  from  praifing 
or  flattering  the  Dead;  but  from  a  great  Efteem,  grounded  upon  a 
juft  Knowjedgi?  cf  AeMcrrits  of  (o  great  a  Maq^  lb  tfaefSnic  ge- 
nerous way  ot  il^foning,  will  necefljirily  lead  him^o  excufe  the  toK 
lowiM,.Accounjt  of.what/hej^ft  J»ehin4>im.  j  and  the  rather,  icL 
that  tt  only  (applies  a  vacant  Space,  ^d  may  be  a  Satitfadicn.  tO; 
feme  Pconlc  ^parf  iruc  Iw^rf,  <jf.i^^  nfiy  be, 

willing  toWwiwIiat  Helps  in  tio^e  fi^.^  avoided jtheiri.   1 

>  a 

VYi.HE  £rft.VQlame  contains. the  DltlervAtioos  QiMt.Wi^/m,. 
■,|,-^Cdjcftaf«.\the-firft  Inventor  of  the  Wa^  ot,mca%iQg  Apglw. 
in  ztett^o^t  ;l»y  ;bf  h^i^^of  gcpews  j  foA  thcrfifji  *«e  apply;!*  Tf 
USetfud  %btf  fcq  tSmS^^t^  Iiifi»mmsy  tftl^  at  Middkt^t  near 
Ltads  iii  V^vm*  %*wWf  |th<bYcars  i6i  S  aod  i«4?  i  cxcprptcd  (torn 
his  tc«|Brs  tq'Mrr6r«fcrr«»'i«it^f>>nc  of  Miw^^'fvr;  Obrervadons 
of  the  ttpfi  Ymw;  ,a«  s^o,p{)fprmic(wof,tfee  ^  and  Moon's  Di-^ 
ameta^  <^n^iu|atWQi^nd$.ipngati<x»of  jrA|v>W''sSateUke!sfir^ 

T'tttt  him. 
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hittr,  feall  Diftanciis  ttrjJBc^di SttV5,^VitH^  4|>^ukfe; of ' Ac  Moot. 
and  #fhtitrs  tb  thcitf,  obTc.r^dikrith'-a  THificpe  zM  fyicr^meter  at 
Derbfy  by  Mr,  F/^fw/^^^,'  be wixt  the  Tciar3i5^7a  and  itfyy;  widi 
rh€  larger  ititermiitnalDifiances  of  fixed;  Stars  arid  of  the  Planecs-from 
them,  Eclipfcs  of  the5«if,'  Mifok  m&yHpii^r^ixt\%^;^^ott  on 
the  Suity  Comets  and  ReftaB'ions  talcen  with  a  *S!?xff  fe;6f  neat- Sevca 
Foot  Radius,  a  vo'luble  j2.«fti//y'^»^  ^d  the  abovc^mfentJone<FrmrrG- 
men ts,  betwixt  the  Years  1673  and  1^89,  atHis  Majefty^s  Oiftrva- 
tory  ;  ranked  under  proper  Heads,  add  fobjoin'd  the  Places  oi  the 
JMooH^  Saturn^  Jupitefy  Mars,  Venus  and  MercurXy\^iSi\ct^  from  tbc 
Obfervations,  aiMi  alfo  neceffary  TaHes  to  w^iifed- v^htiicin. 

,  The  Second  Volume  contains  his  Obfervation*.  (fhrade  wfrh  a  Mu- 
ral Arch  of  near  7'Foot  Radius,  and  140  Degreti  in  thcLimb^  of 
the  Meridional  Zenit^h-dift^tesof. the  fixed Sta^^^  Modo,  ard 

tWe  othir  Pldnet^,  with  the^titnt  of  wieirTrarnfits'Over  tltel^etiaian, 
tol^ether  AvithObfervations  of  the  Sun^  and*  Moon's  Diameters, 
Eclipfes  6f  the  Sun,  Moon,  and- of  Jupittfs  Satellites,  Variations 
<rf  the  Ow/^/y/f,  from  t6^io  tftctod  df  the  Year  1719,  ejTc.  Ta- 
bles fcrving  to  f  etnlcr  the  CateuUtiori  of*  the  Stai's  ^nd  Planets  Places 
from  the  Obftrvatipns  eafy  and  ^xjjcditious ;  to  which  is  iSded  near 
aooo  Places  of  tlie  Mo6n;  (at-  the  O^pb'fitfeftS,  "(^draturcs,  and 
on  her  Limits,  eitc-wich  the Plic<tt of &«i^f;^^^ 
and  A^ercury  deriv'd  from  the  aboie^m^i60t;d*4c)breiV^tions« 

<T^ftMri  Voiu«e'c«)rifdi%  g/Catifegiii^^fthcRigRtAfccn/ft^ 
Diflahccs  Vrom  flio  Pdle,  Lohghudes,  taticud^i^iha■^felgIi^ti^des  of 
about  350b  fixeiStafis,  w4th  the  Variations  iif'tfac^RighfAfccnfions, 
afftd  PcSarDiftartc^^,  whilft  they  cMingc  their Lohgttadts .1  Degree-' 
^\kt^  fftcir  Right?  Afccnfions'^todDffl^afcciffdnitffil^ 
determined  iot  206  Y^ar^  pift  or  ¥6  c6rA^  (ufSifditif  eacaft;  large 
Tables,  by  which  the  Right ^fcenffons  and  Diftanccs  from  thf  fdfi, 
of  the  SlaHs  and^nane«being^ben/'thcif  Longitudes  and ^Lantii^s 
may  tc  ficA^nd  by  InlfMeaioft-  To  this  yoluhie^'  t^^ill  be  mefij'd^a 
wr>  large  Preface,  ^cOnt^ihing^ri  ActpilriPcJf  ^411  tht  J/^Omi^mka}  (». 
fervations  made  before  bi^ovmTimr'i#ifH*I^^  ln- 

ftruments  made  JJk  hi:  A* alto  an  Accoont^his^wh  OWfertations 
and  Inftrmumenci,  together  with  Plfdfeiijy'*t3Ai1egiie  of  loitf  fixed 
Stars  in  Gnekj  with  a  new  iMin  Verfion  oPtt  mdV^g^h^'s  Places, 
annexed  on  tbe  Latin  P^e^  irvtb  tJie'C^Mifti^ns.  SibaH  Cstalcgues 


J  Table  cont^imng^  &c.  ,  y  i  j 

the  Arats^  7y(^  Srdhe^s  bf  a'bont'780  fixed  Stars,  'in  jf  proper 
rder :  thcLauJtpave  oiMe0es.,jji,.^ ;  JSt^  in  a 

oper  Order:  Dr-HaSey^s  Caulogue  of  about  300  of  the  Souths 
n  fixed  Stars,  reduced  to  Right  Afcenfion,  Diftance  from  the 
Die,  Loogitade,  iaQtiade,  ^h:  V^atians  of  Right  Afcenfion 
id  diftance  from  the  Pole  ;  done  from  his  Diftaiices  and  Mr.  Flam- 
edf  genuin  Catalogue,  in  which  the  Stars  Places  are  reduced  to 
e  Year  1726-  —^' 


C/rar^x.ofall  tbeCbnfteliatlQn^vjiiblc  ihouirQchulphere,  (^qftrua- 
I  after  a^iew  Method j^f  bis^^n  ;  wbisrek  the  Ancmit  Figures  arc 
ftored  stfid  the  StarsTaidTiown  fiHomiSeabove^iBeriiiODed  Catalogue, 
ith  large  Fitmr^kife^  ±0111  of  the  NytilicrtiitftdStoflicrri  Conftella- 
^ns ;  mo  nr^Affronemical^ables  dtdv^^  froa|  tii$  ^Wh  ^bferva- 
ons,  for  fiodrng, tlie lElace&^rtHe  iMi^fh^vi^^^^^  l^kmets ;  'one  Vo- 
ine  oiJiSd  T  t^tiSmESSit^S^^ 

lle^e^  wi^  federal  otJi«r«  Trads ;  a  VAkaieoflmm  of  the 
amcd  and  hdk -wi^sxtA  MmbematiciMSj  (In  Whi£|i  arc' many 
iluable  Things;  parffculafofMonfieur  Cafitii,  Sen.  Monf.  i|fA/<//»j, 
(onf.  ^knMnn  Sitt^at^h^  ,SiX,Clnifhflfcr^  Wrtn^  l)fc  l^aBis^ 
[r.  MoUpimri.  tit^.GtigQrfJhAx*.Caf^^  MooC  Rame^,  ^jr«  pUen-^ 
ffj,  Mr.  CoBiiu,  i4d£w7muUy,  &vIfaac*N^  Dt*HaUijfy  Mr. 
iarp^  and  others  ofiefs  Noer.  •    ' 


I  •  •  :  .11 


*   \  -  I 

L  T  li  B  t  Eycotaainii^  the  Right  Af- 

cenfions,  DecHnatTons^  Lonsicudcs  and  Lati- 
tuaes  «f^ 4qrfVifi5i<x»y-  fi>Mff»»f  Fhoed  Sta^s^  deduced 
froin-tie  'Fkia^eeHuh  "OBiervatioiis.  and  fitted  t$ 
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lathe  Billot  the  Croiv  .,   ■ ,  ■  "■  1  ■        t^ 

rnth^pwxdfegWinftoPtij^rico^  ^  ■■■■  Lrf?r'j, 


In  the  following  Wing  of  cbe  Crow  '^  ■  ^      » 

In  the  Foot  of  the  Cra9  ««——  — i««i««.«w*««— •iii.....i.»« 
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Che  Solac  Tbemy,  alio  an  Aceomc  ,of  tfae  inequality «t  ^Selac 
Days»  and  fome  other  ufcful  MaucB  that  were  defiga'd  to  follow 
neit,  ^qy^  be  found  towards  the  End  of  die  fitfi  Vc^a&ie. 
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1[ A  'BLE  of  the  Latitudes  of  the  Principal 
Sea-^orts^  Headlands^  IJlands,  and  eminent 
Towns  in  the  moil  frequented  Parts  of  the 
World  3  with  their  Longitudes  from  the  Meri- 
dian of  LONf>  0 N*  deduced  from  the  lateil 
and  beft  Oh/erVathns  and  Journals, 


Plaoes  Names. 


jicapukc  in  Mexic9 
AHevilU  in  France 
Aberdeen  in  Scotland 
Aide  in  Sjpain 


9       ~  * 

'^S^ay  the  'Moguls  Court 

Aix  in  Provence 

Alby 

Alenfon 

Alexandria  in  Eygyft 

Alexandria  in  Syria 

Aleppo  in  Syria 

Algiers 


Amiens  in  Prance 

Amoy  in  the  Eafl  Indies 

Amfierdam  in  Holland 

Ancone  in  Italy 

Angers  in  Frame 
I  Anwit  in  Jutland 

Antihes  in  frame 

Antwerp  in  Fland 

Antiocba  in  Syria 

Arras  in  France 
^  Aries  in  France 
A^uatuko^  ff^e/i  Coi^  of  America  — * 

Unu  u 


S  2  i     AT  ABLE  of  the  L^thudts  Ani  Longitudes  of  Places 


Places  Names. 


Iriea,  on  the  IVe/i  Coafl  of  America 
Archangle  Bar     — 

4thens . 

Q^ieen  Anns  foreland 
lAvigmn  in  France 

Aurillac       • 

Auxtrre 

Eakylm  : — rr-^.,   

Ball  afore  in  the  Bay  of  BevgaU 
Baldivia,  on  the  fVe^-  Coaft  of  America 

Bantam,  in  the  Ifle  of  Java        

Bay  Bonavmura,  W^ft  CoaJtlfAmericia 
Bay  of  Brefi,  in  Ne'n:J:bundland 
Bay  TodosiScantos  Brazile 

Bay  ofBulis  r^, 

Ba-'garersy  in  Point  Jfland 

Bariado^s  • - 

Barcelona  in  Spain 
Bayone-  )         \ 
aatavra    -     •^■"" 
Belfafiin  Ireland- 
Beachy^Head  in  England 
Bencolainfhe  IJle  of  Sumatra 

Bengal  in  hdia       7 *  ; 

Bay  of  Irinity     — ^^ ^ 

Beeronberiy  or  John  Mains Ifland 
Berwic  in  England 
Bilboa  in  Spain 
Beauvaii,  in  France 
Berlin  in  Pruffia 

Befansuin ■ 

Be^s   '    ■  -  • 

Bergen  in  Norway 
Beefirdy  by  the  Rivep  Euphrates 
Bouloant  in  Picardy 
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A  Table  of  the  Latitudes  ar?d  Longitudes  of  Place  s^      52  ] 

\  L  ng 


Places  Namqs.; 


Boulogne  in  Italy 
Bourieaux  in  France 
Bononia  in  Italy 


^•^m 


Bofton  in  New  England 
Bornholm  in  Denmark 
Bourges  in  FraHa  — " 

Bareflav  in  SileUa  — 

Brtfl  in  France 

Bridge  Town  in  Barbadoes 

Bruges  in  Inlanders 

Brujfels  in  Flanders     •— 

BHUm  Holland      — 

Bur  lings  of  Lisbon      — — 

Buenos  Aires,  en  the  E.  Coaft  of  America 

Cafe  Bona  in  the  freights  

Cape  Bajador,  en  the  Coaft  (f  Barbary 
Cafe  Blanco,         ■  — — 

Cape  d^  Bajjus 


I  Cape  Bona  Efperance 

Cape  Cautin  on  the  Coafi  of  Barbary 

Cape  Corientes  in  New  Spain 

CapeCBurchill 

Cape  Charles  en  the  Coafi  of  Virginia  — 
C.  Charley  on  Coafi  ofHudfons  Streights 
Cape  Colkne  in  the  Streights 
Cape  Ccquitacuy  in  South  America   •— 

Cape  Stj  An^elo  in^he  Streights 

Cape  del  AgujOy  in  Peru        *— : —  . 

Cape  St.  Auguftine  in  Braul     

Cape  Cod '  —^ 

Cape  Blanco,  near  River  Camarono  — 
Cape  Correntes,  on  Eaft  Coafl  of  Africa 

Cape  Comerin  in  India 

Cape  de  Geer 
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524       A  Table  cfihe  Latitudes  mJL  Longitudes  of  Places 


Places  Name^ 


Cape  Clear  in  Ireland  ■'  ■  — 
Cafe  de  tres  Fonas^  in  the  Streights 

Cape  Fbrmofa,  in  India - 

Cape  Gallo,  in  the  IflandCejlan  — 
Cape  de  Gat  in  the  Streights  — 
Cape  Guardajuiy  by  the  Red  Sea  — 
Cape  La  Hogue^  in  France  — 

Cape  Fini^if 


Lacii. 

D    M 


Cnf^e  LagulaSy  near  the  Cape  rfGoodHcpe 
Cape  Lopez.,  on  the  Weft  Coaft  cf  /ijrica 
Cape  St.  Luca,  on  Weft  Coaft  of  America 
Cape  de  LampOy  on  the  Co^i  of  China  — 
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Cape  RAfalgaty  iuhdia  -— ^ 

Cape  IrafaJgar^m  Wefi  Cp^  tf  Africa 
Cape  Verdiy  at  the  IJle  ti  Gwee 

Cape  St  Vincent  '— 

Cape  Britamy  4a.JNevifouMdlaud 
Cape  Bonavijia  ■-■    ■  ^  ■ 

Cape  Farewell  -^  >  ^      > 
Cafe  Horn  — --*• 

Cafe  Hater  at  ^  in  Caro^tMa 
Mpe  Henry y  in  Virginia 
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Cape  Florida  - 
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Cayanne  in  the  TVefl' Indies  — 
Grand  Cairo y  in  Egypt  ^  ^- 
Carthagena      .  .     ■  r       ^'     ■  ■-      ^ 

Canton^  inCh^na  — '— ^ 
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Old'Cai/alfar ' * 1— 
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}'J(tnburgh  in  Scotland  •— 
E'fi'iour^  inihc  Baltic  Sea 
tmtrurt^  in  France 
Emden,  on  the  Coafl  of  Holland 
Ephcfus         ^      '     ■■         •*-«■ 
Efc\}ndide^  in' the Gulph  of  Mexico 
Fair  foreland^  itr  Greenland 
Fair  Foreland  IJland 
Fafra  Head,  in  Scotland 
Ferrara^  in  Italy. ^    « 
La '  ilecL  in  France 

Fez  

The  Fiy^  on  the  Cpafi  of  Holland 
ilorence  »  ■  .  - 

hort  St,  George  ^  in  I  nits 
Frartkfort^  on  the  Main  - 
GMpoJiy  in  My  -^-  . 
GafUpoli^  in  :^ttitoli/i^-^, 
GaHomayyin  Ireland,  -^r- 
Geneva-—^^  ]'~'\  — r* 
Genoa^  in  thf  Streigbts  . .  ^  ._..- 

Glafeom^  in  Scotland 
Ghemy  inHahdet^s   r         ^ 
Gibraber^  -mouth  ffthe  Streightt 
Gotttfnbergi  in  Swcedland  j 
C'/^5  ip  India '  — — r 

Goes^  in^Lelafid  '  < 
Grenoble       ■  — ^ 
Ghe/Kbicb,  at  the  Royal  05/ervatory 
Guitiipala,Mefl  Coafi  of  America  .- 
Gai^rf^eyi  in  th^  Bntijh-  CpanmL. 
HadJuits  Headland^  in  Greenland 
H^lJiford,  in  Ifland^ 
fja^thar^^  in  the  Btltfc  Sea 
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Places  Names 


^1    ni  fiiti       1 


HaftUnd  Pointy  in  England 
Havre  de  Grace^  in  France 
Ueidelbourg^  in  Germany 
Helies  Sounds  in  Greenland  - 
Helighland^  in  Greenland    - 
Hoaignem^  in  China  ■ 
Holy  Uead^  in  England 


Horn  Sounds  in  Green/and    ■' 

St.  ^tffra's  harbour^  in  Neufound/nnd 

Bahama  Iflands. 


Attim  Key      **-• 
Arxnoodt  Key* 


Abroleho^  Narth-'poins 
Abacca,  Somh-point  — 
Andras^  Korth  point  - 

I  Bahama  IJland  —  — 
Bahama  Bank^  Korth:paint    - 
Bermudas  >     '  - 


•-^  ■■»ii»i 


Cane  as  Bank^  North^point 
CatAfland 
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brooked  Island,  Korsh-point 
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fortaveatura        '■ 
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Berbudd 

St.  Eartlxhmew 

Cafe  St  Jntonio 


Cafe  Cruz,y  Hiffanioja 

St.  Chrt/tofhers  ^ 

St.  Cruz,      .  ■'■ 

Curafco  ■     ■     ■ 

St.  Domingo y  in  Hiffanid/a   — 

Dominico 

Ea^  End  of  Cuba 

Gnanada- 

Gnardalftfa 

Havana  — 

St,  Lucia- 

Marigalante 

M^rrrnic9 ^ 

Be  Martins  '  »^  '    ■' ' 
■Monfera^.  "*^ 

'Nevis  -'^' 

P<>r/o  iJ/co,  St.  5^oA»J 
Ppr^  Roy^/,  in  Jamaica 

Trinadada  •* 

To^affi    '         -^ 

St.  Vincent 


Ipnds  in  the  Baji  Indies. 


Abdeleur  ■     '    '\ 

Achar  Baniau  — ' — '■ — 
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Andama,  North  Evd  — 
Bantam^  injavtt 
Batavia 

Bancat  South  End 
Baitda  Iflts 
Sc.  Bartalamo     - 
Baly      — — 
BaMmottdely  in  the  Mouth  of  the  Rtd  Sea 
Baffatde  Chagot    - 
Ba[fai  de  Barehas 
Baffas  de  Patron  — 
B^as  de  Indea  — 
Btifjas  de  Padua 
St.  Brandon       — 
Borneo,  North  point 
South  foittt 
Borneo 
Biblan 
Buro 


CapeD'  Amhray  South  End 

Comer 0  """ 

Cebes  North  End  •— 

South  End 
P.  Condor 
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Places  Names 


Duvs  Colunas 
D/g0  Rcgff 
Digo  Gr  alio  fa 


(kood  Bortune-^ 


formcfi  South  point 
licnb  point 

I^e  Oalfegnr  — 

file  Gtatia   \ ■■ 

%va^    Efjt  end 
fapan^S.  E.  point 
S.  Vt:  point 
St.  J^/ttjtn  d^'A'oVd 
It  des  Kcerffie' 
Jo^nna^    -: >— — • 


hadrom  Iflet 


"GMtefga 

"i^'agau 

Gregau 

^'Mabau 
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L4  Gusna 
Lucon^  South  point        ~- 

Kortb  point 
hanguin  -*- 

Lk?f  Hormanos 
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)Aatalotes 
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lAcaritiaS' 
La  MaJhii^ 
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las  de  Dego  Rays 
Tas  di  Amber 
Zpcatra 
Zanuber 


AnuaboHa 

Afcenffon 

it.  Hellena 

Fardinando  a  Poo 

St.  Matthews 

Princeps 

St.  Ihomat 


IJlands  whhin  the  Streights 


«i^ 


Alhoran 

Cape  Pajfaro,  in  Scicilly       *■ 

Cape  St,  yohtty  IVeft  end  of  Canada   — 

Cape  Solomon,  the  Eafl  end  of  Canada- 

Corfu 

Capraia 

Corfica,  North  End 
Somh  End 

Cbefalonica  — — 

Cyprus  Wefl  End 
I  Eafl  End-- 

Formentaria         — 

Gallita  ' 

Gorgona    — — 

Lemnos 
XLibboa  — 
I  Majorca  City 


t  m 


3(5 
l6 

35 
3J 

3S> 
43 
43 

41 
38 

3J 
35 
38 
37 
43 
3P 
4*. 


00 

55 
20 

45 

40 
05 

02 
30 
30 
21 

35 

44 
40 

44 
58 
45 
35 
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30 
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30  J 

w 

58 

£ 

50 

V 

03 

E 

00 

E 

k« 


n 


02 

IS 

»4 

a? 
30 

10 

op 

op 

21 

33 

35 
02 

08 

10 

2d 

II 

02 


00 

00 

07 
10 

05 
40 

50 
06 

30 

00 

55 
01 

50 
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E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 
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38  'E 
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A  Table  of  the  Latitudes  And  Longitudes  of  PUces-      535 


Places  Names. 


Maritimo 
Mejftna  in  SiciUy 
Menden  Morea 
Port  t^ahm^  Minorca 
Rodes  City 
iardina  South  End 
Scio  — — • 

Syracufdy  in  Sicl/j. 
Tuica 
Zant 


Weprn  IJlmis 


Corvo 
Florej  -— 

Fyal 

St.  Qeorge 
St.  Marces'- 
St.  Michael 

Pico 

Tarana 

Admiralty  IJland,  NovaLembla 

Bafley  IJti^  in  St.  George* %  Channel 

BeS  Ifle,  the  Bay  of  Eifcay 

Belli/land,  Newfoundland 

Buttons  I/le^'  Hudfons  Streights 

Cherry  or  Bear  Ifland 

Crofs  Ifland,  finite  Sea 

Dev3  Ifland  in  France - 

'fer.ol  IJles       —  ' 

Ifland  Jfi^^  Ferdinand6,,  in  theSouth  S^ 

ifland  Ferdinando  Lgronho ■ 

Ifhw/GaBoP^'Jtas 


Gr^eni 


j  ^  ?  6         A  Tdble  of  the  Latitudes  4ttd  Longitudes  of  PUtes 


Places  Names 


<^m 


Greens  Ifland^  in  Ifeland 
Hiife  Ifiand  — 

h^ng  Iflandy  in  North  America 
North  Points  Leuins  IJland 
lAansJield  Ifley  in  Hudfons  Bay 
North  part  of  Orkney 
Nottingham  Ifle 

Refolution  I/Ie,  Hudfons  Streights 
^ky  JJlands  in  Scotland 
Sable  IJland 
Jetufalem     ■  ■ 
Ingolpaty  in  Germany 
lu^rucky  in  Germany 
St.  Katherinesy  on  the  E*  Goaji  of  America 
Kalmary  in  Denmark 
St.  Kilday  in  Scotland^ 
Kelduyn,  in  Finland 
Leghorn,  in  Florence 
Lefant   in  Greece 
Lands  End  ^  England 
Liege^  in  Flanders 
Leifjicky  in  Germany 
Lints y  in  Aufiria  — 
Li/le,  in  Flanders 
Uonsy  in  France 
Lislon,  in  Porti^al 
UxMrdy  in  England 
\  Liver  pool  J  in  England 
Limricky  in  Ireland 
Lima,  in  Peru  — 

Larwick,  on  the  Coaft  of  Norway 

London     ■ 

London  Berry ,  in  Ireland  ^ 

UampOy  in  hdia 

Lund}  Ifle   —      -  ' 


A  Table  cf  the  Latitudes  dffd  Loftgitudes  iff  Pldces.       5^7 


PUces  Namesi 


Luiick^  Norway 
UfiUf  Nirway 
Uis  Feriland- 


L^orty  S.  W.  point  — 

La  sareMa,  JVfft  Oaff  of  Jmerica 
Macao,  in  China        — ^ 
Madagafcar,  Bay  of  7erra  de  Gada 
Madridy  in  Spain      ■  - 

Malacca,  in  India       '    ■  "^ 
Marfeihf,  in  France  ■ 

Mardou,  in  Norway  

Mafttrland,  in  Norway 
Magellan  Ea^  Entrance 
Mnrchants  Foreland  -^ 

St.  Varies,  in  Sicilly 
Morlaix,  in  France  ■ 
MozMmbifuey  in  Coafi  of  India 
Mo/cow  _— — 

St  Maloesy  in  France        — — 
Mantuay  in  Italy       " 
Mentz,,  in  Germany  — 

Mexico,  iaPeru 


—  ^ 

Muncheny  in  Bavaria 
Montpelier  ■ 

Milany  in  Italy      — — 
Modenn 


mm 


mmmm 


Naz.e  of  Norway  — 
Narva  y  in  Livonia. 
Nanquim,  in  India 
Naples 


Nantt,,  in  France — 
Namur,  in  Flanders. 
Nangafack   Japan 
Nancy,  in  Lor  rain — 


Latit. 
D    M 


54 
57 
78 
61 

»4 

12 
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40 

4? 
58 

57 
51 
6l 

48 

»5 

55 
48 
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20 
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43 
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3» 
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47 
50 
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20 
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57 
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20 
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50 
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05 
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10 
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E 
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W 
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17 

oj  W 
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45 

w 
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50 
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45 

E 
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05 
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10 

E 

06 

40 

E 
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05 
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50 
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09 
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I  Longic. 


Narbon,  tnthe  Streiffits 
Sarfinga^  India 

filew  CaftU  

New  Tcrk 

Noithiergen,  in  Norway 

Nkf,    in  Provence 


m^^^^m^ 


•*-*• 


fc  I    >■'  ■        ■  ■ 


Nmg^^y  or  Leampo  in  China 
Nbremierg  -  "" 

North  Foretnnd.  -  •• 

Ni^arngu^  Entnance,  Eaft  America 

Qliida  Bratilfi  or  Pernambuck     - 

Orleans  in  ^nance 

Ojiend  in  hhnders 

Oxford^  in  England 

Ox^ala,  Japan 

Padua,  in  Italy     - 

parts y  in  Prance 

Pallj  in  France 

Panama,  in  the  Weft  part  of  America 
placientiaj  in  Newfoundland     — - 

Parma,  in  Italy     — 

Pekin,  in  China 

Port^bello,  in  America 

Perpinidn,  in  France 

Pifay  in  Italy 

Poieters.  in  Prance    

Paudickersy  in  India— - 

Port  a  Port,  in  Portugal 

Portland,  in  England     - 

Pert  Stevens,  fVefl  Coafl  (f  America   — 

Pert  Segura,  in  the  Eaft  Coaffcf  America 

Point  lookout  -- — — 

PetershuYgh -r"*— * 

( '*rmne's  in  Behemot 


*  I* 


Latit. 


m^^mmi^^^' 


D     M 


43 
1-8 

54 
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43 
29 
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?i 
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07 

47 

51 
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55 
10 

117 

80 
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00 
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29 
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05 

40 
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05 
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A  TaUe  of  the  ljaitiiie$S9d  LffagUMdis  of  FUi  s^ 


f  laces  Nam^<« 


^■■*ii 


» 
Quaqua^  on  the  Ccafi  ofGuitfea 

Quibeck       -^"^  *  ■ 

iivtr  Atmla     ^-   *- 

River  Aibany  — ^-* 

River  de  Ar^ia  --•  '"■       — 

River  Amauones  *■ 

River  Comaronet  ■    "  — 

River  Congo,  Mi>uih  ■ 

River  GamiiA,  Month  — '• — 

River  Grand   ' .    "■   -'  ' 

River  St.  Francifio,  E.  CoMfi  of  America 

River  Julian^  Ea/i  CoaA  if  America  — 

River  Pormofa 

River  Orowjf  ^' 

River  Senegal f  in  Guinea 

River  Si  err  a  Leone        -- 

River  Vulto    — — 

Ruperts  River        '^ — ^ 

Ratishon,  in  Germany 

Reggia  in  Italy 

Revel,  in  Idvonia 

Rtga         ■    '     ■ 

Rhodes 

Rocbel 

Rome 

Ro/loek 

Roterdam 

RockofUshn  — 

RheeJ^and,  in  France 

Rofesin  France 

Salle  on  the  Coafi  tafBarhary 

Salamanca^  in  Sfain 

Siam,  in  India  — 
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A  Tatle  cftbe  Latitudes M^d.Lo^ituiis  cf  Placet. 


Places  Nanicst 


Siam  EMtTMce 

St.  Salvederi,  Braxit 
ScMdir^m     *     ■ 

Seuta 

Scam  im  DiMmark 
Sivil  in  Sfain 
Smjrua  h  Ionia 
Sfarta 


■«■ 


Sahnica,  in  Greece 

^um    -'■  ■  ■ 

Sfaahan^  in  Perjia  .  ■  ■ 

Sbetlnnd  point  in  Scotland  ■  ■  "  - 

5:&me  ^i?^^^  in  Ireland      — — 

£6tfril  Poi;?/,  Hudfons  Speights 

Stockholm^  in  SweedJand^^^ 

Stralfound      " 

Strasbourg     ' 

5foce  Ca/7/2>  /»  Flanders 

Start  Point 


Stocbott,  in  England 

Spiritt  SaxBoSy  Eafi  Coafi  if  America 

^widJityal    — * — — 

StatUiud  in  Noraaj  ■ 

Surinam^   Wt^  hdiet 
SurrattiiMa    - 
Surroy  IJk  ■  ■■  ' 
Sw*etnoj«,  inLaflmi 
Syraeufa  in  ScisiUj    - 

Tat^ier  —  ; 

7f  denty  Sumatra 
Tetuaa 

Texth  in  HoBand 
Ibehs  — 


Latic. 
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is 

57 

37 
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J7 
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Places  ^ames. 


Tohdo,  snSjpain 
flohaun^  in  France  — 
le-mhy^  in  Et^land 
1rif^y\  i^  Bariary 
Ifipoly  in  Syria 
T'oulmfe,  in  Frantr^ 
Tours,  in  Prance  — 
Troy  J  in  Cbamfaigne 
Tredagh^  in  Ireland 


Tromfound,  in  Norway  ■  ' 

Tukixgy  in  Germany  ~  — 

Jrifiian  de  Cunba,  E.  Coafi  of  America-^ 

lunisy  inBarbary 

^turin^  in  Italy  — 

Valparaifoj  ff^efl  Coa/i  of  America 

Valentiaj  in  Spain  — — 

Valfterhm^  in  Denmark         — 
Venice 


■••tarta 


Vift^iaamy  Coafi  tfCwmaniel 
Vienna,  in  Germany    — — 
Vpfalt  in  Sweedland  -^ 

Uraniiurg 

Utricy  in  Holland ' 

Ujhantt  in  Eranet      •— 
fVarfava,  in  Poland 
fVaterfinrd,  in  Ireland 
IVexfvrdt  in  Ireland    ^ 
JVeftmania  Ifles         ' 
ti^te  Haven,  in  England 
li^tUesHeiad    — 
Widdtm,  Co^  of  Guinea 
JiTtrttnbourg,  in  Saxonj 
H/ish» »'« Gotland    ■• 


i9 

43 
53 
3» 

34 
43 

47 
48 

5* 

70 

48 
37 

44 

3a 

39 

55 

45 

17 
48 
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55 

5^ 
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5* 

5* 
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57 
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Longit. 
D  M 


03 
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00 
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04 

15 
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15 
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00 
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12 

83 
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54»        A  TM  cf  the  iMttuiei  Mi  Longitities  of  Pisces. 


Flam  Names 


JVjhurg  '  — — 

U/balet  Sict—' 

tVolfentunU,  Germtny • 

Welogtla,  Mifcovy  r     '- — 

IVoJtay,  im  Mefcevf — --' 

Ttattauth,  iaErulofd  ' — \ 

Terifiaw,  is  Mojeovj    ■  - 

Tvrk,  jnEigjland  '         ■- 


Latit. 

D  M 

6i  05 

<!  44 

SS  '9 

51  45 

57  44 

54  0° 


Loogrt. 


M 


30  }0 
17  OS 
11     05 


01     40 
<x>     55 


\ 


A  Table  of  Logarithms 

For  Numbers  increafmg  in  their  Natu- 
ral Order,  from  an  Unit  to  i  o,  ooo. 

Wich  ^  Table  of  Artificial  Sinest  Tangents,  and 
Secantt,  che  Radius  i  o.  oooooo  3  and  co  every 
Degree  and  Minute  of  che  Quadrant* 


Num. 


O.O0O009O 
0.3010300 

0.4771213 
0*6020^00 

Ot69  89700 

0.84  90980 
0*9030900 
0.95424*5 

f«0000000 

I.04 13927 
•U0791812 

'•M29434 

1.1 46 1 280 

1.1760913 
1*2041200 

1*2304489 
1.25^2721} 

f,-278753<^ 
U3010300 
r.3222193 
1.3424227 
r.3617278 
1  38021 ra 
1.3979400 
f.4L49731 

i.4313638 
1.4471580 
1.4623980 

i.477i2»5 
1,4913^17 

r.,505i5oo 
Mt8^i39 


Num. 


I 


60 
61 
62 

63 

^5 

66 


Logar. 

1.5314789 

1.5440680 
i.55<53025 
1*5682017 
'•5797836 
1^5910646 

I  •602060c 
I  6127839 
1*6232493 
1-6334685 

1.64345^7 
1.6532125 

1.6627578 
1.6720979 

1.681241a 
1. 690 1 961 
1^6989700 

^•7075702 
1*7160033 

1I7I42759 
i.7B«3938 
1.7403627 

1.7481880 

i»7J58749 
1.7634*80 

1*7708520 

«-778i7T3 , 

^7853298; 
1*7923917 

1-7993405 
I  8061800 
1*8129134 

1.8195439 


Nttm 


Logar. 

.8-.6074S 
.8)2508^ 
.8388491 
8450980 
.8512583 

■857332J 

.^6332^9 
.8692317 
.8750613 

.8808136 
•8864907 
.8920946 

.8976271 
.9030900 
,9084850 
.9138129 
.9190781 

.9242793 
,9294189 


»»9344985 

•9395193 
•9444827 

•9493900 
•9542425 

•9590414 
*9<^37878 

.^684829 
.9731279 

.9777236 
*98227i* 

•9867717 
.9912261 

T.99^6^S^ 


A    T  A  B  L|  E  of  Logirithms* 


Num    I 


loo 

101 
102 
103 
104 
105 
106 

107 
108 
109 

no 

III 

■  "^ 

IIS 

113 

114 

H5 

iitf 

"7 
118 

U9 

ISO 
121 
122 
tSJ 

124 
125 
126 
127 

128 

139 

130 

»3« 

132 

»33 
»34 
135 

«37 
138 

n9 

140 

Ml 
142 

H3 

X44 

U5 
146 

147 
148 

149 


2.000000'> 
2.0043214 
2«0086002 

1^1x8372 

2*0170233 
2.021 1 893 
2«025305«^ 
2.0293838 
2.0334238 

a.037424^ 
2,0413927 

2.04532^0 

2.0492(80 
2.0530784 
2.0569049 

-2*0606978 
2.0644c  >io 

2.C68IS59 
2.0718820 
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2.3244882 

2.326^5407 

2.3285S34 

2.3306167 

2.3326404 

2.3346548 

2.3366598 

233S6557 

2.3406424  ; 

2.3426200 

2.3445^87 
2.3465486 

2.3484996 

2,3504419 
2.3523755 
2.3543006 
2.3562171 
2.3581253 
2-3600251 
2*3619166 
2.3638000 
2.3656751 
2.367<j423 
2,3694014 
2.3712526 
2.3730960 

2.37493^^ 

2-3767594 

2378^796 

2.3803922* 

^..3821972 

2.3839948 

2.3857850 
2.387567'^ 

2-3893433 
2,391 1116 

2  3928727 
2.3946268 

2»396^737 


2.3014541 
2.3036280 
2.3057812 
2.3079237 

t.3100557 
2.3121774 

2.3142887 
2.31638^8 
2.3184807 
2.3205617 
2.3226327 
2:3246939 

2.3267454 
2.3287872 
2.3308*95 
2.3328423 

2-3348557 

2.3368598 

2.3388547 


2.3016809 
2.3038438 
2.3059959 
2.3081374 
2.3102684 
2.3123889 
2,3144992 
2.3165993 
2^3186893 
2.3207692 
&  3228393 

2.3^48995 
2.3269500 
2.3289909 
2.3310222 

2.3330440 
1.3350565 

2.3370597 
^•3  3905  3  7 


2.3408405  2.3410386 


2.3428173. 

t344785X 


2.3430145 
2.3449814 


2.3467441  :  2.3469395 
2-3486942  j  2.3488H87 

2.3506356  2.350S293 


2.3525684 
2.3544926 
2-3564083 

2-3583156 
2-3602146 
2.3621053 
2.3639878 
2.3658622 
2.3677285 
2.3695869 

2-3714373 

?'3732799 
2.3751147 
2.3769418 
2.3787^12 
2.3805730 

2.3823773 
2,3841741 

2.3859636 

2.3877457 
2.3895205 
2  3912880 

2.3930485 
2.3948018 

2.3965480 


2.3527612 

2.3546846 
2.3565994 

2.3585059 
2.3604041 
2.3622939 
2.3641756 
2.3660492 
2.3679147 

2,3697723 
2*3716219 

2.3734637 

2.37$J977 
2.3771240 

2.3789427 
2.3807538 

2.3825573 

2*3843J34 
2.3861421 

2.3879235 

2.3896975 
2.3914644 

2.3932241 

»-3  949767 
2.3967223 


».30i8977 
t.  3040595 

2.3062105 
2,3083509 
2.3104^09 
2.3126004 

2-3 147097 
2.31680^^ 
2.3188977 
2.3209767 

2.3230457 

2.3251050 

2.3271545 
a.3291944 
2.3312248 

2.3331457 

2*3352573 

*-3372595 
2.3392526 

2.3412366 
2.34321*6 

2>345«77^ 
2.3471348 
2.349083^ 
2,3510229 

2.  i 5 29539 
2.3548764 

2.35679-5 
l.35*6y6i 

2.3605934 
2.3624825 

2.3643633 

2,36623^1 

2.368100S 

2.3699576 

2,3718065 

2.3736475 

8,3754807 
2.37730(52 
2  3791241 

i*3Sc9345 
2.3^27373 
2.384^26 

2.38^3«6 
?,38Sioi2 
2,389^746 
2.3916407 

2.3935997 
2.39S1516 

2-3968964 


from  1  to  loooo. 


200 
201 

202  . 

203 

204, 

aos 

tod 

20V 

8O9 

iro 
lit 

212 

»>? 

214 

21^ 

216 
217 
iiS 
219 
220 
221 
222 
223 

224 
225 
226 
227 

&23 

229 
230 

232 

235 

236 

237 

238 

239 

340 
341 
242 

243 

24$ 

247 

X48 

249 


i__ 

2*3021144 
2.3042751 

2*306425  ' 
2,3085644 
2.31069^3 
2«3i2HuH 
2.3149201 
2.3170181 
ai)ipic6i 
2.3211840 

3.31^3^21 
a-}  253104. 

a-J  293979 
2-3314273 

«•«  34473 

2-3354579 

2-3374593 

2*33945  •  4 

2*3414345 
2*3434086 

2-3453737 
2.3473300 

2*3492775 

X.B512163 
2.3531465 
2.3550681 

2-35^9814 
2*3588862 
2.J607827 
2.3626709 
2.3645510 
2.3664230 
2.3682869 
2.3701428 

2.37199^9 
2.37383" 
2,3756636 
2.3774884 

2*3793055 
2.3811151 

2.3629171 

2.^847117 

2.3864990 

2.3882789 

2.3900515 

2.3P&S169 

2. 39  3^5752 

2.3953264 

2.397.0705 


2.3023309 
2.3044905 
2,30^6394 
2.3087778 
2.3109356 
2.JJU0231 

2-3»5»3^3 
2.3172273 

2.3»93i43    ^  .,   , 
2,32#39i3  I  2.32159S4 

2.3234584;  2.3236645 
2.32551^7  {  2.3257209 

2-32756331  2.3277675 
2.3296012  I  2.3298045 


2.3025474 
2.3047059 
2.3068537 
2,3089910 
2.3111178 

2.3132343 
2.3153405 

2.3174365 
2.3195224 


2.  >  3 16297 
2*3336488 

2-3356585 
2.3376589 

2*3396502 

23416323 

2.343^55 
2.3455698 

2-3475252 

2*34947 » 8 

2.3514098 

2>353339i 

2.3552599 
2.3571723 
2.3590762 
2.3609719 


2.3  J 1 8320 

2.33^8501 

2.335858^ 
2.3J78584 
2.3398488 
2.3418301 
2*3438023 
2-3457657 
2-3477202 
2.3496660 


2.3516031 

«-353n«6 

2.3554515 
2.3577630 

2*3593662 

-^w^;^,.y     2.3611610 

2.36?8593    2.363,0476 


2.36473861  i%3649?6o 
2.3666097  '  2*3667964 
i.36847^81  2.J686587 
2.3703280 1  2.3705131 
2*3721753 1  2.3723596 


2.3740147 


2.3758464 

2.37767^4 
2.379486S 

2.3812956 

2.3830969 
2.3848908 

2.3866773 
2.3884565 

2.3912284 

2,39i993f 
2.3937506 
2.39^5011 

5  2.3972446 


2.3741983 

2.376o29i2 

2-3778524 
2.3796680 
2.3>)  14761 

2  38i276j6 
2.3850698 
2.5868555 

2.3886343 
2.3904052 

2.392169* 
■2*3939260 

2*  ;9  567  5  8 
2.39  H^  8s 


2,3027637 
2.3049212 
2.3070680 
2,3092042 
2.3113300 

2-3154454 
2.3155505 
2.3176455 
2.3197305 
2.3218035 
2.3238706 
2.3259260 


2.3279716 
2.3300077 
2*3320343 
2.3340514 
2,3360593 
2.3380579 
2.3300473 
2.3420277 

2.3439991 
2.3459515 

2.34  9152 

2.3498601 

2.35J7p67 
2,3537239 
2.3556431 

2-3575537 
2,3594560 

2-3613500 

2.3632358 

2.3651134 

2.3669830 

2.3688445 

2.3706981 

2.3725438 
2*?74j8i7 

2.3762118 

2.3.780343 
2.3798492 
2.3S16565 

**3834563 
2-3852487 

2.3870337 
2.3888114 

2.3905819 

23923452 
2.3941013 
2.3958504 
2*3975924 


2.3029799 
2.3051363 
S13072829 
2.3094172 
2.3115420 

2,3136563 
2.3157605. 
2.3178545 
2.3199384 

2.3220124 

2.32407^6 
2.3261310 

2.3281757 

2.3302108 

2.3322364 
2,3342526 

2.3362596 
2.3382572 
2.3402458 
2.3422252 

2.3441957 
2.3461573 

2.3481101 
2^35^541 

2*^519895 

2.3539162 

2-3558345 
2-357744i 
2.3596458 
2.3615390 
2.3634239 
2.3653007 
2.3671695 
2.3690302 
.2. 3708830 
2.3727279 

2*3745651 

2.3763944 
2.3782161 

2-3800303 
2*3818368 

.2-3836359 

2-3854275 
2.3872118 

2.3889888 

2.3907585 
2.3925211 
2.3942765 

a.3960249 
2.3977663 


A  T  A  B  L  E  of  Uguithxm. 


Num 
250 

152. 
256 

258 

260 
261 

262 
263 

264 
265 
266 
267 
268 
269 
270 
271 
272 

^73 

"274 

27  S 

276 

277 
278 

279 

280 

281 

282 
283 
284 
285 
^86 

287 
288 
289 
290 
291 
292 

293 

294 

295 
296 

297 

298 

299 


2.3979400 

2.399^5737 
2.4014005 

2.4031205 

2.4048337 

2.4065402 

2*4082400 

2.4099331 

24116197 

2.4132998 
2.4149733 
2.4166405 

2.41S30L3 

241 99  J  57 
2,4216039 

a.4232459 
2.42488 16 

2.4265 1 13 
2.4281348 
2.4297523 

2.4313^38 

24329^93 
2.4345689 

2.4361626 

24377506 

24393327 
2.4409091 

24424798 

2.4440448 

2.4456042 

2.447158^ 
2.4487063 

2.4502491 

24517864 

2.4533183 
2.4548449 

2.4563660 

24578819 

2.4593925 
2.4608978 
24623980 
2.4638930 
2.4653829 
24668676 

24683473 
24698220 

2-4712917 

i  47275^54 
24742163 

2.4756712 


»»398ii37 

2»3998467 
24015728 

2.4032921 
2.4050047 

2.4067105 

14084096 

X.4IOI02I 

24 II 7880 

2.4134674 
2,4151404 

24168069 

2.4184670 
2.4201208 
2.4217684 

2.4254097 
2.4250449 

24206739 
24282968 

2.4299137 

2.4315246 

24331295 
2.4347285 

24363217 

2*437909'> 
24394906 
2*44 10664 
2*4426365 
2*4442310 

2-4457598 

2*4473 131 

2*4488608 

24504031 

2-45«9399 
2.4534712 

2-4549972 
24565179 

2.4580332 

2-4595433 
2.461048 1 

2.4625477 
24640422 

2.4655316 

2.4670156 

2.468^950 

24699692 

2^4714384 

2  4729027 
2.4743620 
24758164 


2.3982873 
2.4000196 

2.401745 « 
2.40346}  7 

2.4051755 

2.4068807 

24085791 
24102710 

2.4119562 

2.4136350 
2.4153073 
24169732 

24186327 
2.4202859 
2.4219328 

2.4235735 
2-4^52081 
2.4268365 
24284588 
2.4300751 

2.4316853 

« 4332897 
2.4348881 

2^64^ 

2.4380675 

2.4396484 

2.4412237 

24427932 

2^444357i 

2-4459 1 54 
2-447468 1 

24490153 

24505570 
2.4520932 

24536141 

2.45  5  U95 
2.4566696 

2.4581844 
24596940 
2.4611983 
2.4626974 
2.4641914 
2.4656802 
2.4671640 
2.4686427 
2.4701 164 

24715^51 
2.4730488 

1 2.4745076 
2*4759616 


2.3984608 
2.4001925 

2.4019173 
24036352 

2.4053464 
24070508 

2.4087486 
2.4104398 
24121244 
2.4138025 
i4>54742 
24171394 
2.4187983 
2.4204509 
24220972 

2.4237372 
2-4253712 
2.4269990 
2.4286207 
2.4301364 
2.4318460 

24334498 
2.4350476 
2.4366396 

24382258 
2.4398062 
2.4413809 

2.4429499 
2.4445*32 
2.4460709 

24476231 

24491697 
2.4507109 

2.45  22466 

245377^ 
245530*8 

2.4568213 

2.458^356 
2.4598446 
2461^484 
24628470 
24643405 
24658288 
2.4673121 
2.4687903 
2.4702634 

24717317 
2.473«949 
2.474<5533 
2.476 1Q67 


»-39W34? 
2.4003653 
24020894 
24038066 

24«$5t7i 
24072209 

24089180 

24106085 

^4122925 

24139700 

24156410 

2.4173056 

2.4189638 
24206158 
2.4222615 
242390C9 
2.4255342 

2.4271614 
24287825 

2.4303976 
24320067 
24336098 
2-4352071 
24367985 
24383841 

^•4399639 
2.4415380 

2.443*065 

2-4446692 

2.4462164 

2.4477780 

2.4493241 
24508647 
24513998 
2.4539296 

2.4554540 
24569730 

2458486! 

2.4599953 

2.4614985 
1.4629966 

24644895 

2.4^9774 
24674601 
24689378 
2.4704105 
24718781 
2*4733410 

2  4747988 
247^2518 


from  I  to  loooo 


T 

2.4010557 
2407777* 

3.4'^6i994 
2.4079005 

2.4095950 
2.4112929 

2^129(543 
2.4146391 

2.4163076 
2*4179696 

24196254 
2.4212748 
2.4229180 

«-42455$o 
2.4261958 

242781C6 

2.4294293 

2.4310419 
2.4326487 

2.4342495 

2.4358444 

2-4374334 
2.4390167 

24405 94i 
2.4421664 

2.4437322 
2.4452928 
2.44^8477 
2.4482971 
2.4499410 

245U794 
2.4530124 

^4545400 
2.4560622 
24575791 
2.4590908 
24605972 
2.4620984 

2.4635944 
2.4650853 
2466571 I 

24680518 

24*95275 
247099*^2 

2'4724*39 

2473J247 
24753806 

24768^16 


1 


. 


250 
251 

252 

253 

254 

255 
2$6 

258 

259 

260 

261 

262 
263 
264 
265 
266 
267 

268 
269 
270 

271 
272 

273 

274 

275 
276 

277 
278 

279 

280 

281 
282 

384 
285 

286 

287 

283 
289 
290 
291 
292 
29  J 

«94 
295 

296 

297 
29S 

299 


2,3988077 
2*4005380 
2.4022614 
2.4039780 
2.4056878 
2.4073909 
2.4090874 
2.4107772 

2*4124^5 
2.4141374 
2.4158077 
2.4174717 

2.41 9 1 293 
2*4207806 

2.4224257 
24240645 
24256972 
24273238 
24289443 
24305588 
2.4321673 

24337698 
2.4353^565 

243^^9573 
2435*5423 
2.4401216 
2.44 1 695 1 
2.4432630 
24448252 
244^3818 

24479329 

2.4494784 
24510x85 

2*4525531 
24540823 

2.4556061 

2.4571246 

2.4586378 

2.4601458 
24616486 
2.463 1461 
24646386 
2.4661259 
2.4676081 
2.4690853 

2470557$ 
2.4720247 

2.4734870 

24749443 

2.4763968 


2.3989811 
2.4007106 

2.4024333 

24041492 
24058584 

2.4075608 

2.409l$*7 

2*41094  J9 

2.4126285 
2.4143047 
2.4159744 
24176377 
2.4192947 
2.4209454 
2.4225898 
2.424218 1 
2.4258601 
2^4274861 
2.4291060 
2.4307199 
2.4323278 
24339298 


2*5991543 
2.4008832 
2.4)026052 

2.4043205 
2.4560289 
2.4077307 
2*4094259 
2.4111144 
2.41^7964 
2:4144719 
24161410 
24178037 

2.4194601 
2.4211101 
2.4227539 

2.4243916 
2,4260230 
24276484 
24292677 

2.4308809 
2.4324883 


^^^,-w  24340896 

2-4355259^24356851 


2.4371161 

24387005 

2.4402792 

2.4418522, 
24434195 

2.4449811 

2*4465372 

24480877 , 

2-4496327 

2*45 11722 
24527062 , 
2.454234?^ , 

2.4557582, 

24572'7g2 

2.4587889- 

246b2963 

2.46117986 

24632956 

2.4647875 

24662743 

2.4677561 

2.4692327 

2.4707044  . 
2.4721711 

24736529 
2,4750898  I 

24765418  I 


24372748 

24388587 
2.4404368 
2.4420092 

2.4435759 
2.4451370 
2.4466925 

24482424 
24497868 
2.4513258 

24528593 

2*4543875 
2.4559102 

24574277 

2.4589399 
2.4604468 

24619485 

24634450 
2.4649364 

2.4664227 

24679039 
t.4693801 

24708513 

2.4723175 
2.4737788 

2.4752352 
24766867 


9^ 

2.3995007 
2.4012282 
2.4029488 
24046627 
9.4C63698 
2*4080703 
24097641 

2.41 14513 
24131320 

2.4148063 
2.4 1 64741 

I  ?l*iii55 
2.4197906 

2.4214394 
2.4230820 

2.4247183 

24263486 
{  2.4279727 
2.4  29  5  908 
24312029 
2.432809c 
2.4344092 
2.4360035 
24175920 

24391747 
2.4407517 
2.4423230 
24438885 
2.4454485 
2.4470029 

244855^7 
2.4500951 
24^16329 

24531654 
2.4546924 

2.4562142 

24577305 

24592417 
2.4607475 
2.4622482 

»-4637437 
24652341 

2.4667194 
24681996 
24696748 

2.4711450 
^4726102 

2.4740705 

24755259 

2.476976^   . 


B 


mpfrvfsmmmft 


A   TABLE  of  Lx)garithms« 


1 


sum 

300 


24771213 

2.4828736 
2.4842998 

2.4857214 

2.4871384 

^885^07 

2.4899585 
2.49i36t7 

2.(*9Z76o4 

2.4941T46 

2.4955443 

2.4969296 

2.4983106 
2.4996871 
2.50io$$3 
2.5024271 
2,5037907 
2.5051500 
2.5065050 

2.5078559 

^.5092025 

2.5105450 
2^5118834 
2  5132176 
2.5145478 
2.5158738 

2.5 '719^59 
2,5185139 

2.5198280 

2.5211381 

2  5234442 

2.5237465 


t.4772660 
2.4787108 
2.4801507 
2.4815459 

2.4830164 
2.4844422 

2,4858633 
2.487279^ 
2.48S6917 
2.4936990 
2.491 5018 
2.4929^00 

2.4942938 
2.4956831 

2.4970^79 
2.4984484 

2.4998245 

2.5ori952 

2.50256^7 

2.5039268 

2.5052857 

2,5056403 

2.5079907 

2.5095370 

2.51-679^ 
2.5120170 
2.5133508 
2.5146805 
2.5160062 
2.5173279 
2.5186455 
2.5199592 
2.52126S9 

2, 5:22  5  746 

2.^238765 


2.5250448  I  2.5251744 
2.5263393  I  a.5264685 

2.5276299 


2.5289167 

2,5301997 
2.5314789 

2-5  3^7544 
2.5341026 1 

2)535'2i4i 

2>5365584 
2-5S781QI 

2.5390761 

3m403295 

2.5.415792 

JtWk82^4 


2.52775^8 
2.5290452 
2-5303278 
2.5316066 
2,^328817 

2^53415?! 
2.5354207 

.25.366847 

2-5379450 
2.5392016 
2.5404546 
2.5417040 

^*Ug949.8  I 


•'  .»>    <^ 


2.4774017 

11.4788550 

214802945 

248i729Z. 

2.4831592 

2:4845845 
24860052 

2.4874212 

2.4888326 
2.4902395 
2  491641^ 
\  2.4930395 

2.4944329 
2.495^^18 

2497205-4 
^.498586? 
2.4999619 
2-5013332 
2.5027002 
2.5040629 
2-5054213 
2.50677515 

2.5081255 

2.509  ;7 14 

2.5lo*$l3n 

2.5121505 

2.5134840 
2.5148133 

2.516:386 

2.517459S 
2.5187771 

2.5200903 
2.5213996 

2.52^050 

2»<  240064 
2.5253040 
2,5^65977 

2.5278875 
2.5291736 
2.5304558 

2.5317343 

2.5331090 

2*5>428oo 

2.5355473' 
.2.53f68io9 

2.5380708 
2.539327. 

2.5405797 
2:54118288 


tm^' 


2.477555? 

2.4789991 
2.4804381 

2.4818724 

2.4833019 

2.4847  26^ 
2.4861470 
2.487562'' 
2.4889735 

2.4903759 
24917818 

'2.4931 79 1 

24945720 
24959604 

2.4973444 
2.4987240 
2.500C992 
2.5O14701 
2.502836^ 
2.5041989 
2.5^55569 
2,5069107 
2.5082603 
2.5096057 

2.510940?; 
2,5122841 
2.5136171 

2.5149460 

^2.5162709 

2.517591; 

2.5189086 

2.5202214 

2.5215303 

.5'.52283S3 

2.5241364 

2.5254336 

'x'2.52672<59 

12.5280163 
^2.5293020 
^.5305839 
.2.5318619 

^.5331363 

2.13*4069 

2,5356738 
2.^369370 

2.5381966 

2-5394525 
2.5407048 

2.541953*^  I 
£iS^X9|6J 


2.477^5999 

2479143* 
2.4805)$  1 8 

2.4820156 

2*4834446 

2.484S690 

2.4862888 

2,4877039 

2.4891144 

2.4905203 

2,4919217 

'2.4933186 

2.4947110 
2.4960990 
2.4974825 
2.4988617 
2.5002365 
2.5016069 
2.5029731 

2.5043349 
2.505692$ 

,2.5070459 
2.5083950 

•  2.S0974CO 

12  5110808 
2.JI24175 
2.5137501 
2.5150787 
2.5164.031 
2.5177236 
2.5  1 90400 

2.5203525 

.2.5216610 

2.5229656 

2.524.^663 

:2.$25563i 
^•5268560 

.2.518145^ 

2.5294304 

2-5307118 

a.  5 3 19896 

2.5332635 
2-5345?38 
2.5358003 
2.5370631 
2.5383223 

2»S395779 

2. $408298 
2.5420701 


■Ik 


UrtUil 


*ia 


\M  >  -lilt  ■•  r  "il  fa 


from  I  to  loooo 


"W 


300 

301 
302 

303 
304 
305 

306 

307 

308 

30y 
310 

Ml 
312 

314 
315 

3i^ 

3>7 
318 

319 

320 
321 
322 
333 

324 

32s 
326 

327 
328 

329 
330 

33« 
332 
333 
334 
335 

1?^ 

337 

33* 

339 
340 

341 

342 

34? 

344 

345 
346 

34ft 
349 


1 


M7  78445 
2.4792873 

2.4807254 

2.4821587 

2.4835873 
24850112 

2.4864305 

2.4878451 

204892552 

2.4906607 

2.4920616 

2.4934581 

^.4948500 
2-4962375 
M976206 
2.4989994 
2.5003737 
2.5017437 
2.5031094 
2.5044709 
2.5058280 
2.5071810 
2.5085297 
2.5098743 

2.5112147 
2.5125510 
2.5138832 
2.5152113 

».  51^5354 
2.5178554 

2.5191715 

2.5204835 

2*5217916 

^•5p30958 
2.52439^5 1 
2;5i56925 
2.5269851 

2.5182738 

2.52955«7 
2.5308398 

2.5321171 

2'5  333907 
2*5  ^46606 

2.5359267 

2.5371892 

2.5384481 

2.5397032 
2.5409548 

2,5422028  I 
2.5434472  I 


2,4779890 

2.4794313 
2.4808689 
2.4823018 
2.4837299 

2.4851533 
2.4865721 

2-4879863 

2.4893959 

2.4908009 
2.4922015 

24935974 

24949890 
2.49637^1 

24977^^7 

2.4991370 
2.5005  IC9 

2.5018805 

2.5032458 
2.5046068 

2.5059635 

2.5073160 

2.5086644 

2.5100085. 

2.5113485 

2.5126S44 
2*5140162 

2.5153439 
2*5166676 

1-5179872 
2-5193028 
2<52o6f4< 

2*5219222 
2.5232260 
2.5245259 
2.5258219 
2.5271141 

2*5284024 
2.5296869 
2.5309677 
2.5322446 

2.5335«79 

2.5347874 
2.5360532 

2.537315^ 

2.5385737 
2*5398286 

2.5410798 

2*5423274 
2*<i357i4 


2. 
2. 

2* 

2. 

2. 

2. 

2. 

2. 

2. 

2: 

2 

2. 


2. 

2. 

2. 

2. 

2. 

2. 

2 

2. 

2. 

2. 

2. 

2. 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2* 
2- 
2. 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
'. 
2. 
2. 
2. 
2. 


781334 

795753 
810124 
824448 

838725 
852954 
867 1 s8 
881275 
,895366 
909412 

923413 
937368 


951279 
96^145 
978967 
992746 
C064S 1 
020172 
033821 
047426 
060990 
0745 1 1 
087990 
101427 


114823 
128178 

141491. 

I547<54 

167997 
181189 

194342 

207455 
220528 
233562 
246557 

259513 
272431 

2§53ii 
298152 
310955 
3237^1 
336450 
349141 
3617^5 
374413 
386994 
399538 

412047 
424519 
'^6956 


2.4782778 
24797192 
24811559 

4,4825878 

2.4840150 

2-41554375 

2.4868554 
24882686 
24896773 

2^9 10!$  1 4 

2.4924810 
2\49^6i 

2.4952667 

24966529 

24980347 
2.4994121 

2.5007852 

2.5021539 
2.5035183 
2-5048785 
2.5062344 
2.5075860 

2.5089335 
2.5102768 

2.5116160 
2.5129511 
2.5142820 
2.5156089 
2.516^^18 
2.5182506 

2.5195655 
2.5208764 
2.522183^ 
2.5234863 
2.5247854 
2.5260807 
2.5^173721 
2.5286596 

2.5299434 
2.5312234 

2.5324996 

2.53377-'! 
2.5350408 

2.5363059 

2.5375673 
2.5388250 

2*540079 1 

2.5413296 

2.5425765 
j^'54?^'9.8. 


^ 


2.4784222 
2.4798631 
2.^812993 
2.4827307 
24841574 

2-4855795 
2.4869969 

2  4884097 

2.4898179 

2.4912216 

249262    7 

2 4940 1 54 

2.4954056 
2.4967913 

2.49^1727 
2.4995496 
2.5009222 
2.5022905 
2.5036545 

2.5050142 
2.5063697 

2>50772io 
2.5090680 
2.5104109 

2.5117497 
2.5130844 
2.5144149 
2.5157414 
2.5170639 
2.5183823 
2.5196968 
2*5210073 
2*5223138 
2.5236164 
2.5249151 

2.5262100 
2.5275010 

2.5287882 
2-5300716 
»-55«35i2 
2.5326270 
2*5338991 
25351675 
2*5364322 

2*5376932 
^) 389506 
2.5402043 
2.5414544 
2.5^27010 


\ 


A  T  A  B  L  £  of  Logarithms. 


Num 

350 

35X 
352 

3n 
354 
355 
356 

357 
.358 

359 

360 

361 


374 

375 
376 

377 
378 

380 
381 
382 

383 
.3^4^ 

387 
988 

389 
390 
391 

392 

393 

'394 

•395 
396 

39t 
398' 
?99 


2-544-6^0 
••545307I 
2.5465427 

«-5477747 
2.5490033 

2.5502284 
2.5514500 

2.5526682 
2.5538830 
2.5550944 
2.5563025 
2.5575072 


I 


2.5587086 

2.5599066 
2.561 1014 
2-5622929 
2.5634811 
2.5646661 
2.565^478 

t,5^70*<^4 
2.5682017 

»-5693739 
2.5705429 

2.57 » 7088 

2.57*8716 
2,5740313 
2575*878 

2.57<^,34i4 
M774918 
2.5786392 

2.579783^5 
2.5809250 
2.582P634 
25831988 
2.5843312 
2.5854507 

g-5865873 
2.5877110 
2.5888317 
2.5899496 
2*5910646 
2.59*17^8 

2.593^8^4 
2>594^926 

2>595'496x 
2.5965971 

2.597<5^52 

2-5987905 
2.5998&3I 

2.6009*729 


2.5441921 

2.5454308 
I15466660 

2-5478977 
2.5491259 

2.5503507 

=^•5515720 

2.5527899 

.2.5540043 

2.5552154 

2-5564231 
2^5576275 

2,553^285 
2.5600262 
2.5612207 
2.5624118 

2-5<^«997 

2.5<547844 
2.5659658 

1.5671440 

2.56831-91 

2.5694910 

2.5706597 

I  2.5718252 

2.5729877 

2.574147 1 

2-5753033 
2.5764565 

2.577<5o67 

2.5787538 

2.5798979 
2.5810389 

>5  8  21 770 

2.5833122 

2.584444-3. 

2.5855735 
•^5866098. 

2. 5  878  2  3i 
2.5889436 
2.5900612 
2.591176a 
2^5922878 
.  2,5933968 
;2.594503o 
2  5P56064 

^2.59(57070 
2. 5978048 


2.5443161 

»-5455i45 
2*5467894 
2  5480207 
2.5492486 

2.5504730 
7.5516939 
2.5529115 
2.5541256 

2.5553363 
2-5565437 
2-5577477 
2.5589484 
2,5601458 
25613399 

1.5625308 
2.5637183 

2-5649027 
2.5660838 
2.5672617 
2.5684^64 
2.5696080 

2-5707764 
2.57 194 » 6 

2.573*038 

2.5742628 

2.5754188 
2.5765717 
2.5777215 
2.5788683 
2.5800121 
2.5S11529 
2.5822907 
2.5834255 

2.5845574 
•  2,5^^56863 

'^2.5868123 

>5879353 

2.5890555 
2*59017:18 

2.591^873: 

2.5923988, 

2.5935C76 
2.5946135 
2.5957166. 
2.5968169 

2-5979»45 
2.5990092 


2.5988999 

2.5999922  I  2.6ocioi3 
J  4u6oio8i7  If  2.6011905 


2.5444401 

2.5456781 
2.5469126 

2.54H1436 
2.5493712 

2.5505951 
2.551S15& 
2.5530330 
2.5542468 

2.5554572 
2  5566643 

2.557><68o 

2*5^90683 
2  56^2654 

2.5614592 
2.5626497 

2.5638369 

2.5650209 
2.5662017 

2-5673793 
2.568553; 

2.5697249 
2.5708930 
2.5720580 

2.5732x98 

2,5743786 

2.5755342 

2.5766868 

2.5778363 

2.5789828 

2.5801263 

2.5812668 

2.5824043 

2.5835388 

2.5846704 

2.5857990 

2.5869247 

2.5&80475 

2.5897674 

-2.5902844 

,2.5913986 

'^.5925098 

\2.59j6i83 

•^5947239 
2.^958268 

2.596926S 

2.5980241 

2.5991186 

2.6002 103 

2.6012993 


t.S44564i 
2.5458018 

«-5470359 
2.5482665 

2*5494937 
2.5507174 

2.5519377 

2.5$3i545 

2.5543680 
2.5555781 
2.5567848 
2.S579881 

2-559iS^i 
2.5603849 

2.5615784 
2.5627685 

'2.5639555 
2.5651352 
'2.56631^5 

2-56749^5. 
2.5686710 

2.5698419 

2.5710097 

2.5721743 
2  5733353 

2-574494? 

2.5756496 
2.5768019 
2,5779511 

2.5790973 
2.5802405 

2.5813807 

2.5825179 

2.5836521 

25847834 

2.5859117 
2.5870371 

2.5881596 
2.589279a 

2-5903959 
2.5915098 
2.5926208 

2*5937290 

2.5948344 

2.5959369 
2.5970367 

2*5981336 

2.599*279 
2.6003193 

2.6014001 


«-« 


ttm 


from  1  to  loooo. 


Num. 

350 
351 

-35« 
353 

3H 
31S 

357 

359 
360 

362 
363 
364 

365 
365 

367 

363 

!  369 

I  570 
371 
372 

374 
375 
376 

377 
378 

379 
3^0 

381 
382 
383 

384 

385 

^386 

387 

388 

389 
390 
39» 
392 

393 

394 

395 
396 

397 
398 

_  399  ^^ 


_     5 

2.5446880 

2-5459253 
2.547 '59' 
2.5483894 
2.5496162 
2.5508396 
2.5520595 
2.5532760 
2.5544892 
2.5556989 
2.5569053 
2-5581083 

2.5593080 

2.5605044 
2.5616975 

2.5628874 

2.5540740 

2.5652573 

2.566;375 

2.5676144 

2.5687882 

2-5699588 

2.57 1 1 263 

2.5722906 

1-57345 18 
2.5746099 

2.5757^55^ 

2-57^9170 

^^5780659 

2.5792118" 

2.5803547 

2.5814945 
2.58263  u 

2.5837654 
2.5848963 

2.5860244 

2.5871495 
2,5882717 

2.5893910 
2.5905075 

2.5916210 

2*59273»8 

2*5938397 

2-5949447 
2.5960470 

2.5971465 

2.5982432 

*599337« 
2.60(54283 

2.601 5168 


2.5448119 
2.5460489 
2.5472823 

2.5485123 
2-5497387 
2.5509618 

2.5521813 

2.5533975 
2,5546103 

2.5558197 

2.5570257 

a. 5582284 

2.5594278 
2.5606239 
2.5618167 
2*5(630062 
2-^541925 

^•5653755 
2.5665553 

2  5677320 

2,5689054 

2.5700757 

2.5712429 

2.5724069 

2-5735<578 
2>5747256 
2,5758803 
2.5770320 
2.5781806 
2-5893262 

2.5804688. 
2.5816084 

2.5S27450 
2.5838786 
2.5850093 
2.5861370 
2.5872618 

2,5883838 
2.5895028 
2.5906189 
2.591732s 
2.5928427 

2.5939503 
2.^95055 1 

2.59^t57i 
2.5972563 
2,5983527 
2.59944^54 
2.6005373 
2.6016255 


'mrm 


2.5^4935^ 
2-5461724 
2.5474055 
2,5486351 
2.5498612 
2.5510S39 
2.5523031 
2.5535189 

2-5547314 
2.5559404 

3.557'46i 

2.5583485 

2.5595476 
2.5607493 

2.5619358 
2.5631250 
2.5643109 
2.5654936 
2.5666731 

2.5678494 
2.5690226 

2.5701926 

2.57'3594 
2.572523^ 

2.5756837 
2.5748412 

2-5759956 
2.5771470 

2.5782953 
2. 5  794406 
2.5805829 
2,5817222 
2.582S58J 
2.5839918 

2.585>1;222 

2.5862496  ■ 

2.5873742- 

2.5884958 

2-5896145- 

2,5907304 

2.5^18434 
2.5929536 

2.5940609 

2.5951654 
2.5962671 

2.5973661 
2.598462^ 

2.5995556 
2.6006462 

2.6017941 


2.5450596 

2.5462958 
2.5475286 

2^5487578 

2.549>836 
2,5512059 

2.55'/4248 

2.55364^3 
2.5548524 
2.556:612 
2.5572665 
2.5584686 

2^5596673 
2.5608627 

2,5620548 

2.5632437 
2,5644293 
2.5656117 
2.5667909 
2.5679669 
2.5691397 
2.5703094 

2-5714759 

2^7x6393 

2^5737996 

2.5749568 

2.5761109' 

2-5772620 

2.5784100 

2-5795550 

2.5806969 

2.58183^9 

2.58297J9J 
2.5841050 

M852351 
2.5863622 

2.5874865 

2.5S86078 

2.5897263 
2.5908418 

2.5919546:' 

2.5930644 

2-594?7i5 

2«.5952757 
2^5963771 

2.5974758 

^•5985717 
2.5996648 

2.6007551 
2.6018428 


2.5451894 
2.5464193 

^54765 17 
2,5488806 
2.5501060 
2.5519280 
2.5525465 
2.  <  5  376 17 

2.5549735 
2.5561818 

2.5573869 

2.5585886 

2.5597870 
2.5609821 
2.5621739 

2.5633624 

2.5645477 
2.5657298 

2.5669087 

2.5680843 

2,5692568 

2.5704262 

2.5715924 

2.57^555 

2-5739i?4 

2.5750723 
2.5762261 

2-5773769 
2.5785246 

2.5796693 
2.5808110 
2.581-9497 
2.5890354 
2.5842181 

2.5853479 

2.5864748 
2.5875987 

2.5887198 

2.589(8379 

2-59095^2 

•2.5920657^ 

2.5931753 

2-5942820 

2.5953860 

2.5964871 

2.5975855 
2.5986811 

2.5997739 
2.6008640 

2.6019514 


1 


A  T  A  B  L  E  of  Logarithiss. 


Num^ 


4»4 
425 

427 
428 

429 

430 

4BI 
432 

433 

434 

43$ 
4^6 

437 
43S 

439 
440 
441 
442/ 

443 
444 
445 
44^ 
A¥! 
448 
44P 


°_  I 

2,6020600  I 

2.603 1444 
2.6042261 

2.6053050 

2.6063814 

2.60745  S^ 
2,6085260 

2.6C95944 
2.6106602 

2,6117233 
2.6127839 

->  ^"?84i8 

k,^i4by72 

2.6159501 
2,6170003 
2.6 180481 

2.619^^933 
2.6201360 

2.6211/6^ 
2.6222140 

2.6232493 
2.6242821 

2.6253125 

?  ^  63404 

^4.0273659 
2.6283889 

2.6294096 

2.6304Z79 

2.6314438 

2.6324573 
2.6334685 

2-6344773  ^ 

2.6354837 
2.6364S79 

2.6374897 

2^6364893 
2.6394865 

2^6404814 
2.64 1 474 1 

2.6424645 
2.6434527 
2.6444386 
2.6454223 
2.6464037 
2.6473830 
26483600 

2-6493349 
26503075 

2.6512780 

2.6522463 


I 


z.6o2i685 
2.6032527 

2.6043341 

2.6054128 

2.60648  S9 
2.6075622 
2.6086330 
1.6097011 
2.6107666 
2.6118295 
2,6128898 
2^61^39475 

2.6150026 
2.6i6''552 
2.6171052 
2.6181527 
2.6191977 
2.6202402 
2.6212802 
2.6223177 
2.6233527 
2.6243852 

2.6254154 
2.6264430 

2.6274683 

2.62849 1 1 

2.6295115 

^2^05296 

2-^3 1545  a 

2-632^585 
2*6335694 

2*6345780 

2*6355843 

2.6365882 
2.6375898 
2.6385891 
2^6395861 

2.6405808 

2.6415733 
2.6425634 
2.64355H 
2.6445371 

2^6455205 
2.6465018 
2.6474808 
2.6484576 
2.6494322 
2^6504047 

2651374^ 


2.6022771 
2.V0336C9 

2.6^44421 
2.6055205 
2.6065963 

2.6C76694 
2  6087399 
2.6C9SC7S 
2.6108730 
2.6119356 

2.61299')  7 
2.614  531 

2.6151080 

2.6161603 

2.6172101 

2.618^573 

2*6193021 

2.6203443 

2.6213840 

2.6224213 

2.6234560 

ft.6244884  2*6245915 

2*6255182  I  2.6256211 

2*6265457  »  2.6266483 

2.6276730 


Z.6023856 
2.6034692 

2.6045  *  <^ 
2.6056282 
2.6067037 
2.6077766 
2.6088468 
2.6099144 
2.6109794 
^.6i2C4i7 

2.6131015 
2.6141587 

2.6152133 
2.6162654 

2.6f73U9 
2.6183619 

2.6194064 
f.6204484 
2.6214879 
2.6225249 

2.6235  S94 


2.6275707 
2.6285933 

2.6296134 
2*6306312 
2.6316467 

2*6326597 
2.6336704 

2.6346788 

a.6356848 

2.6366884 


2.6286954 

2.6297153 
2.6  307  j  29 

2.6317481 

2.6327609 

2-6337713 

2.6347795 
2.6357852 


2.6567887 
2.6376808  I  12.6377898 
2.6386889  I  2.6387887 

2.6397852 


2.6396857 

2.6406802 
2.6416724 
2.6426623 
2.6436500 

2.6446355 
2.6456187 

2.6465998 
2.647578^ 

2.6485552 
2  6495296 
2.6505018 


2*6514719 
2.6523431  >  2-6524397 


2.6407795 
2.6417715 

2.6427612 

2.643-487  J 

2.6447339  ] 

2^4571^9^ 
2.6466977 

2.64767^3 

2.6486527 

2.6496269 

2.6505989  ' 

1.6515687^ 

2.6525364 


2.6024941 
2.6C35774 
2.60465^0 

'*6c57iSy  ; 
2.606&II1  I 

2.6078S]7 
2-6c8yS57  ' 

2.6?9')2lC 

2.6ic?cS;: 
2.612147 
2.6132074 
2*614x64; 

2.61531S7 

2.6f637j$ 

2.6174197 
2.6l846<5 

2.6195107 

2^205524 

2.^215917 

2.6226284 

2.6236627 

2)624(945 

2^257239 

2.6267  5  cp 

2*6*77754 
2.6287975 
2.6298172 

2.650S545 

•.^318455 
2.6328620 

2.633S725 
2.6348801 
2.63si>S^7 
2.636SSS; 
2.6378^98 
2.63888^4 

2.63fHS£7 

2.64087 5 S   I 

2.6418705 

26428601 

2.6438473 
2.6448323 

2.6458i<;i 

2*6467957 

2.6477741 

2.64S75-2 

2.649724X 
2.65069:^0 

2.6516656 

2-6526331 


I 


I' 


irom  I  to  ioooo« 


Num. 


400 
4^1 


414 


"2.6026025 
2,6og6855 
2.6047659 
2.6058^7 
2.6069185 
2.6079909 
2.5090605 
2.6101276 

Z(5lIL92l 

2.61225^9 

2*6i33i32 

2-6143698 

2.61  •54*240 
2.6164755 
2,6175245 
2.6185710 
2.6196150 
2.6206565 
2.^2i6>55 
2,6227320 
2.62376'<o 
2.6247976 
2.6258267 
2.6268534 

2.6278777 

2.6288996 
2.6299190 

2.63092^1 
2-6319508 

2.6329632 
2.6339732 
2.6349808 
2.6359861 
2.636>89i 
2.6379898 
2.6389882 
2.6399842 

2^6409781 
2.64^9696 
2.6429589 
2.6439459 

2.6449?^? 

2.6459133 

2.6468936 

2.6478718 
2.6488477 
2.6498215 
2.650793^ 
2.65 17624 


2.6027109 
2.6037937 

2.6048738 
2.5059512 
2.6070259 
2.6080979 
2.6091674 
2.6102342 

2«6|  12984 
2.6123599 
2.5I341S9 
a. 6144754 

2.6155292 

2.6165805 

2.6176293 

2*6186755 

2.6I97193 

2.6207605 

2.6217992 

2  6228355  I 


2.602819 

2.603901  s 

26049816 

'2,6060587 

2.6071332 

2.6082050 

2.6092742 

t.6103407 

2.6114046 

2.6124660 

2.6135247 

2.6145809 

2^1 56545 

2.6166855 

2.6177340 

2.6187800 
2.619S2J5 
2.6208645 
2.6219  ^30 
2.6129390 


I—? 

2.6029277 
2.6040099 
2.6050895 
2.6061663 
2.6072405 
2.6083120 
2*6093809 

3^104472 
2,6115109 
2.6125720 

2.6136304 
2.6146863 

2.6157397 
2.61 6790  < 


2.6030361 
2.6041 180 
2.6051973 
2,6062739 
2.6073478 
2.6084191 

2.6094877 

2.61C553; 

2.6116171 

2-6136779 

2.6137361 

2.6147918 
-'  ^  ■  * 
2.6158449 

2.616S954 


2,6178387  I  2.6!794U 


2.6259295 
2.6269560 


2.6238693  j  2.6239725 

2.62^y006  I  2.6250036  J 
o  ^o^,^^-.  i  2.626J322  ^ 

2.6270585 

2.6280823 
2.6291037 
2*6301226 
2-6911393 
2-6321535 
2.6331654 

2'634i74p 

1^63^1820 
2«63^i869 
2.6371894 
2.6381896 
2,6391876 
2.6401832 


2.6279800 
2,6290016 
26300209 
2.6310377 

2.6320522 

•2.6330643  ' 

2.6346740 

2.6350814 

2.6360865 
2.6370893 
2.6380897 
2.6390879 
2.640O837 

2,6410773 
*  2.64^0686 

2.6430577 
2.6440415 

2.6450291 

2.6460114 

2.6469915 

2.6479695 
2.6489452- 
2,6499187 
2.6508901 
2.6518593 
'12.6528263 


2.6411765 

2-6421676 

2.6431565 
2.6441431 

^6451274 
2.6461095 

2.6470894 
2.6480671 
2.6490426 
2,65^0160 
2.650^,871 

2.6519561 

2.6529729 


2.6188845 
2.6199277 
2.6209684 
26220067 
2.6230424 
2.6240757 
2^6251066 
2.6261350 
2^6271610 

2.6281875 

2,6292057 

2.6302244 

2*6312408 

2.6322548 

2-6332664 

2.6342757 

2.6352826 

2.6362872 

2.637289J 

2.6382895 

2.6392872 

2.6402826 

2.6412758 
2.6422666 
2.6432552 
2.64424 1 6 
2.6452257 
2646207^ 
2.6471873 
2.6481648 

2.649,1401 

2  650I132 
2.6510841 
2.6520528 
2.653019 


2,6189889 
2.6200319 
2.62I0724 
2.6221104 
2,6231459 
2,6241789 
2.6252095 
2.6262377 
2.6272634 

276282867 

2,6293076 

2.6303262 

2-6313423 

2.6323560 

2.6333674 

2-6343765 
2.6353832 

2.6363876 
2.6373897 
2.6383894 
2.6393869 
2^403820 

2.6413749 
2.6423656 
2-6433540 
2.6443401 
2^64  5  3  240  . 

.;2-6463057 
2.6472851 
2.6482624 

2.6492375 
2.0502104 
2.6511811 
2.6521496 
2.6531160 


\ 


A  T  AB  LE  of  Logarithms. 


JSfum    I 


450 
451 
452 

4<3 
45  4 

456 
4^7 
458 

459 
460 
461 

46a 

463 
464 
465 
466 

^H 
468 

469 

470 

47« 
47a 

47  j 

474 
475 
47* 

478 

479 

480 

481 
482 

485 
484 
485 

J^86 

487 

488 

.489 
490 

491 

492 

493 

494 

495 
496 

^H 

498 
499 


a.6532125 

2,654»765 
2.6551384 
2,6560982 

2.6^70559 
2.658C114 

2.6589648 

2^599162 

1.6608655 

2.6618127 

2.6627578 

2.6637C09 

2.6646420 
2.6655819 
2,6665180 
a.^74530 

2.6683859 
.2.6693169 

2.6702459 
2.6711728 

2.67^0979 

^67^0209 

2.67394^0 
2.674861 1 

2.675  778I. 
2.6766936. 
2.6776070, 
2.6785184 

2.6794279 
2.680335  J 

2.6812412 

2-6821451 
2.6830470 
245839471 
2.6848454 
2.6857417 

2.6866363 
2,6875290 
2.6884198 

2.6893089 
2.6901961 
2.6910815 
2*6919651 
2.6928469 
2.6937269 
26946052 
2-6954817 

2  6963564 

2.6972293 
2.6981005 


2.6533090 
2.6542728 

2.6552345 
2.6561941 

2.65715 15 

2.6581068 

1.6590601 

I.66OGII2 

2.6609603 

Z.6619O73 

2^6628522 
2^637951 

2.6647360 
.X.6656748 
2.6666116 
2.6675463 
2.6684791 
2.6^4099 
2.6703386 
2.6712654 
2.6721903 
2.6731131 
2.6740340 
2.6749529 

2,6758700 
2.6767850 
2.6776982 

2-6786094 

2-6795187 
2*6804262 

2*68 1.3  317 
2*682^54 
2.6831371 
2.6840370 
2.6849351 
2.6858313 
2.6867256 

2.68761 87 
2.6885088 
2.6893977 

2.6902847 

2.6911699 

2.6920534 

2.6929350 

2.6938149 
2.6946929 

2.6955692 

2,6964438 

26973165 

2.69^1876 


2.6534055 
2.(r54369K 
7.6553306 
2,6562899 

2.6572471 
2.6582023 

26591553 
2.6601062 

2.6610551 

2.6620019 

2.6629466 

2.6638893 

2  6648299 
2.6657686 

2.666705 1 

2.6676397 
2-668572^ 

2.6695028 

2.6704314 
2.6713580 
2.6722826 
«6732053 
2.6741 260 
2.6750447 

2.6759615 
2.6768764 

2.6777894 
X67 8 7004 
2.6796096 
2.6805 16S 
2.6814222 
2.6823256 
2.6832272 
2.6841269 

2.6850248 
2.6859Z08 
2.6868150 

2.6877073 
2.6885978 
2.6894864 
2.6903733 
2.6912584 
2.6921416 
2.6930231 
2.6939027 
2.6947806 

26956568 
2.6965311 

2.6974037 

2-6982746 


2.6535019 

2.65446s  3 
2.6554266 

2.6563857 

2.6573427 

2.6582977 

2.6592505 

2.6601012 

2,6611499 

2.6620964 

^6630410* 

2.6639835. 

2,6649239 ; 

2.6658623 

2.6667987 

2.667733* 
2,6686654 
2.6695958 

2.6705241 
2.67145C6 
2.6723750 

2.6732974 
2.6742179 
2.6751365 

2.6760531 
2.6769^78 
2,6778806 

2.67879 14 

2.6797004 
2.6806074 

2.6815126 
2.6824159 
2.6833173 
2.6842168 
2,6851145 

2.6860103 
2.6869043 

2.6877964 
2.6886867 
2.6895752 

2.6904619 

2.^13468 
2.6922298 
2.6931111 

2.69399^6 
2,6948683 

2.6957443 
2.6966185 

1.6974909 
2.698)616 


».65359S4 

2.654^^616 
2.6555226 

3^,65648 1 5 

2-65743^3 
2^5859'p 

2-65934sd 
2.66029^2 
2.661 244^ 
2.6621913 

2.663 13S3 

2-6640776 

2,665017s 

2.6659560 
2.666^9:3 
2.667^264 
2.66«75S5 
1.6696SS7 
2.6706109 
2.6715431 
2.672467  J 
2,6733896 
2.6743099 

2^675  2  2>j 

2.6761447 

2.6770592 

2.67797  iS 

2,6788514 

•.6797912 

2.68C69S3 

2.6816030 

2.6825161 

2.6834073 

2.6843060 
2.6852041 
2.686c99g 
2.6869955 

2.687885^ 

2.6887757 

2.6896640 

1.6905505 
2.6914352 

2.6923  iSc 
2.6931991 

2,694078  s 
2.6949560 
2.69583  iS 
2.696705  s 
2.(^57  So 

2.69844S5 


«*iriMk 


from  I  CO  ioooo« 


mm. 


474 

475 
476 

477 

478 

479 
480 

4S1 
482 
48^ 
4S4 
485 
_486 

487 
4S8 

489 

490 

491 

492 

49? 

494 

495 
496 

497 
49« 
499 


2  653694S 
a.6546578 
2.6<56i86 
a.6565773 
2.6575339 
2.6584884 
2*6594408 
2*660391 1 
2*6613393 
2.6622855 
2.6632296 
2.6641717 

2.665  II 17 
2.6660497 
2.6669857 

2.6679197 
2.6688516 

26697816 
2.6707096 
2.6716356 
2.6725596 
2.6734817 
2.6744018 
2.6753200 

'2,6762362 

2.6771505 
2.6780629 

2.6789734 
2.6798819 

2  6807886 
26816934 
2  6825963 
2.6834973 

2»6843965 
2*6852938 
2.6861892 
2.6870828 

2.6879746 
Z6S88646 
2.6897527 

2.6906390 
2.6915235 
2.6924061 
2.6932872 
2.6941663 

2.6950497 
2.6959193 

2.696^31 
2^6976652 

2.6985355 


2.653791* 

2.6547539 

2.6557145 
2.6566730 

2.6576294 

2.^585^37 

2.659^59 
2.6604860 

2.6614340 

2.6623800 

2.6633239 
2.66496^8 

2.6652056 

2.6661434 
2.6670792 
2.6680130 
2.6689447 
2.6698745 
2.6708023 
2.6717281 
2.6726519 
2.6735738 

2,6744937 
2.6754117 

2.6763277 
2.6772418 
2.6781540 
2*6790643 
2-6799727 
2*6808792 
2-6817838 
2  6826865 

2-68S5873 
2.6844863 

2.6853834 
2.6862787 

2.6871721 

1.6880637 
2.6889535 
2.6898414 
2.6907275 
2,69161 19 

2.6924944 

^•6931752 

2.6942541 

2.695131 3 
2.6960067 

2,6968804 

2*6977523 

2.6986224 


T 


2.6538876 
2.6548501 
2.6558105 
2.6567688 
2.6577250 
2.6586790 
2.6596310 
2.660  5  809 
2.6615287 
2:6524.745 

2  6634182 

2.6643599 
2.6652995 
2.6662371 
2.6671727 
2.6681062 
2.6690378 
2  6699674 
2,6708950 
26718206 
2.6727442 
2.6736659 
2.67458^56 
2.6755034 

2.6764192 
2.6773332 
2.6782452 
2.6791552 
2.6800634 
2.6809697 
2.6818741 

2.6827766 
2.6836773 

2.6845761* 
2*6854730 
2.6863681 
2.6872613 

2.6881528 
2.6890423 
2.6899301 
1.69081 61 
2.6917002 
2.6925826 
2.6934631 
2.6943419 
2.6952189 
2.6960942 
2.6969676 
2.69783W 
2.6^87093 


2.6539839 

2.6549462 

2.6559064 

2.6568645 

2  657815.05 

2,6587743 

2-6597261 . 

2.6606758 

2.6616234 

2.6625690 

2.6635125 

2-6644539 

2^^3933 
2.6663307 

2.6672661 

2.668 1 99< 
2.6691308 
2.6700602 
2.6709876 
2-67191^0 
2.6728365 

2.6737579 
2.6746775 

2-6755951 
2.6765107 

2.6774244 
2.6783362 
2-6792461 
2.6801541 
2.6810602 
2.6819645 
2.6828668 
S.6837673 
2.6846659 
2.6855626 
26864575 
2.6873506 

276882418 

2.6891 3 12 
2.6900188 
2.6909046 
2-6917885 
2-6926707 
2H5935511 

26944297 
2*6959065 

2*6961616 

2.6970549 
2,6979264 

2.6987963 


9^ 

2«654o8o2 
2.6550423 
^.6560023 
2,6569602 
?»6579i59 
2-6588696 
2.6598212 

2  6607706 

2.6617181 

2.6626634 
2.6636067 

2  6645480 

2.6654872 

2.6664244 

2.6673595 

2.6682927 

2.6692239 

2.6701530 

2.6710802 

2.6720054' 

2.6729287 

2,6738500 

2.6747693 

2.6756867 

2.0766022 
2.6775157 

2.6784273 
2.6793370 
2,6802448 
2.6811507 
2.6820548 
2*6829569 
2*6838572 
2.6847556 
2.6856522 
2.6865469 
2.687439I 

23883308 

2.6892100 

2.6901074 

2.6909930 

2.6918768 

26927588 

2.6936390 

2.6945174 

2.6953941 

2.6962690 

2.6971421 

2.6980135 

2.69888^1   I 


A  r  ABLE  of  Logarithms. 


Nu 


m 


500 

501 
502 

504 

508 
509 
510 

512 

513 
514 

5.6 

5^7 
518 

5«9 
520 

521 

522 

524 
525 
526 
527 

528 

529 

530 

532 
533 
534 
535 

53^ 

537 
538 
539 
540 

541 

543 

543 
544 

546 
547 
S48 

549 


2  6989700 

••^99^377 
2,7007037 

2.7015680 

2.7024305 

2.70^2914 

2.7041 50< 

2.705008c 

2.7058637 
2.706717b 

2.707570/ 
2.7'"  84209 

2.7092700 
2.7101 174 
2.7109631 
2«7ii8o72 
2*7126497 
27134905 
2.7143298 

2,7i5i<574 
2.7160033 

2.7168377 
2.7176705 

2.7185017 

5771933 » 3 

2,7201593 

2  7209857 
2.721S106 
2.7226339 

^7234557 

2,724^759 

2.7250945 
2.7259116 

27267272 

2:7275413 

2.7283538 

2.7291648 

2.7299743 
2.7307823 

27315888 

2-7323938 
2.7331973 
2-7339993 
2>7  347998 

2>7355989 
273639<55 
2.7371926 

a.7379873 
2.7387806 

^'73957^3 


2.6990569 

2.6999244 
2.7007902 

2.7016543 
2.7025167 

2-7033774 
2.704.2363 
2.7050936 
2.7059492 
2.7068031 
2.7076553 
2.7085059 

2.7093548 

2. 

2. 

2> 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 

a. 


2. 
2. 
2- 
2. 
2f 


02020 
1 10476 
118915 
127339 

^5745 
144136 

152510 

160869 

169211 

•77537 
185847 


194142 
202420 
210683 

218930 
227162 
235378 
243578 
251763 

259933 
268087 

276226 

284350 

292458 


3G0552 
308630 
316693 
324742 

332775 
•340794 
348798 
356787 
364762 
372722 
380667 
388598 

396^14 


2.6991437 
2.7300111 
257008767 
2701740^ 
2*7026028 
2.7034633 
2.7043221 
2.7051792  ] 
2.7060347 
'2.7068884 

'2.7077405 

2.7085908 

2.7094396 
2.7102866 
27111321 

2.7119759 
2.7128180 

2-7136585 

2.7144974 

2.7»53347 
2.7161703 

2.7 1 70044 
2.717S369 
2.7ib6677 

2.719497c 

2.7203247 

'  2.721150S 

2.7219754 
2.7227984 
2.7236198 

2*7244397 
2.7252581 
2.7260749 
2.7268901 
2.7277039. 
2.7285161 
2.7293268 

1.7301360 

2-73094^7 
2-7317499 
2.7325546 
2.7333578 

27341595 

2.7349598 

2.7357585 

2.7365558 

2-7373517 
2.7381461 

2.7389390 
2-7397305 


2^992305 

2.70C0977 
2,7009632 
3.7018269 
2.7026890 

2.7035493 
2.7044079 
27052649 
2.7061 201 

2.7069737 
2  707S256 

2.7086758 

2.7095244 
27103713 
2.7112165 
2.7120601 
2.7129021 
27137425 
.2.7145812 
2.7154183 
2.7162538 
2.7170877 

2.7179200 
2.7187507 

2-7»9S799 
2*72.4074 

2.7212334 
2.7220578 
2.7228806 
2.7237019 
2.7245216 

2.7253398 
2.7261565 

2.7269716 

2.7277852 

2.7285972 

2.7294078 

27302168 
27310244 
.2-7318304 
27326350 
2.7334380 
27342396 

2.73^0397 
2.7}583«3 

2.7366355 

2.7374312 

2,7382254 

2.7390182 

2.7398096 


-1 


a.6993173 
2.7001843 

2.7010496 
2.701913s 
27027751 
2.7036352 

2.7044937 

^7053505 
S.7062055 

2.7070589 

2.7079107 

2.7087607 

2.7096091 
2.7104559 
2.7113010 
2.7121444 
2.7129862 
271382C54 
27146650 
27^55019 
27*63373 
2-7171710 

2.7180032 
2-7188337 

2.7196627 
2.7204901 
2.7213159 
2.7221401 
2.7229628 
2.7237839 
2.7246035 
2.7254216 
2-7262380 
2.7270530 

2.7278664 
2.7286784 
2.7294888 

2.7302977 
2.7311051 

27319109 

*'7327*53 
2.7335183 

2-7343  «97 
2.7351196 

2.7359181 

«-7367iJi 

2r7375»o7 

2.7383048 

2.7390974 
2.7398887 


mm 


from  I   Co  loooo* 


!■■ 


5 


3,6994041 
2.7002709 
2.701 1361 

2.7019995  J  «v^«^^7/ 

2.7028612  I  2.7029472 

2.7037212  I  2.7038071 

2.7045794  2.7046652 


2,6994908 

2.7002575 
2.7012225 

2.7020857 


^•7054360 
2.7062910 

2-707I442 
27079957 

2.70g8456 


2.7096939 
2.7105404 
2.7113854 
2.71222(7       -,   -^  -, 

2*7«30703  2-7"3«544 
2.7*39104  ^-7*39943 


2.7055216 
2.7063764 
2.7072294 
2.7080808 
2.7089305 

2.7097786 
2.7106250 
2.7114698 
2.7123129 


2.7147488 

2.715585^ 
2.7164207 

^•7172543 
2.7180863 

2.7189167 

2.7197455 
2.7205727 

2.7213984 
2.7222225 

1.7230450 
2.7238660 
27246854 
2.7255033 

2.7263196 
2.7271344 

2-7279477 

2.7287595 
2.7295^97 

2.7303785 

^73"857 
2.7319914 

2.7327957 

2.7335985 

2.7343997 

2.7351995 

2.7359979 
2.7367948 
2.7375902 

2.7583841 
2,739i766 

27?9*577 


2.7148325 
2.7156691 
2.7165042 
2.7173376 
2.7181694 
2.7189996 

2.7198283 
2.7206554 
2-7214809 
2^7223048 
#7231272 
27239480 
27^47672 
27255850 
2.7264011 
2.7272158 
2.7280290 
2.7288406 
27296507 

*«7304593 
2.7312663 
2.7320719 
2.7328760 
2.7336787 

2.734479S 

27351794 
27^60776 
2.7368744 
2.7376696 
2,7384634 

27392558 
274C-4£7 


2.6995776 

2.7004441 

2-7013089 

27021719 

2.7030333 

2.7038929 

27047509 

17056072 

2.70646 1 7 

2:7073146 

2.7081659 

2.70901^4 

2.7098637 
2.7107096 
27115542 
27123971 

2.7131385 
27140782 
2.7149162 

27157527 

2.7165876 
2.7174208 
27182525 
27190826 

2.71991 11 

2.7207380 
2.7215633 
2.7223871 
2.7232093 
2.7140300 
2.724849: 
2.7256667 
2.7x64827 
2.7272972 
2.72S1102 
272S9216 
2^7297  3J6 

2.7305400 
2.73 » 3470 
27321524 
27329564 
1'7337588 
27345598 

2.7353593 
2.73<5i574 
2.7369540 

27  3 7 749 X 

2.7385427 

1.7393350 
274012s  7 


T 


2,6996643 
2.7005307 

2.7013953 
27022582 

27031 193 

27039788 

2*7048366 

2  7056927 
27065471 

2.7073998 
27082509 
27091003 

2.7099480 

2.7107941 

27116385 

2.7124813 

2.7133225 

1.7141620 

2.7150000 

27158363 

2.7166710 

2.7175041 

2718335^ 
27191^655 

2.7199938 
2.7208206 
2.7216458 
27224694 
2.7232914 
2.7241120 
2,7249309 

2.7257483 
2.7265642 

2.7273786 

2.7281914 

27290027 

2.7198115 

2.7306208 
27314276 
2.7322329 

27330367 

2.7338390 
2.7346398 

27354392 
2.7362371 

27370335 
273)8285 

27386220 

27394141 
27402047 


- 


2-6997510 
2.7006173 
2.7014816 
2.7023444 
27032054 

27040647 
2.7049223 
2  7057782 
2.7066325 
2.7074850 
2.7083359 
27091851 

2.7100327 
2.7108786 
2.7117229 
27125655 
2.7134065 
2.7142459 
2.7150837 
2.6159198 

2.7167544 
2.717587} 

VI 841 86 
2.7192484 

2.7200766 

2.7209032 

2.7217282 

27225517 

2.7233736 

2.7241939 
2.7250127 

2.7258300 

27266457 

2.7274599 
2.7282726 

2.7290838  - 

27298934 

27307015 
2.7315082 

17323133 
27331170 

2.7339192 

27347198 

27355191 
27363168 
2.7371 131 

1-7379079 
2.7387013 

27394932 
9  7402817 


I 


' 


c  2 


Xunt^  o 

600  2.7781512 

601  2.778S745 

602  2.7795965 

603  2.7803173 
604.  2.7810369 

605  2.7817554 

606  2.7824726 
<So7  2.7831887 
668  2.7839036 

609  2.7846173 

610  2.7853298 
6ii  2.7860412 

'612  2.7^67514 

613  2.7874605 

614.  2,7881684 

615  2;788875i 

616  2;78958o7 

617  2.7902852 

618  2.7909S85 

619  2.7916906 

620  2.7923917 

621  2.79309I6 

622  2.7937904 

623  ^.7944880 

''6'24  -^7951846 

625  2.7958800 

626  2'7965743 
617  2.7972675 

628  2.7979596 

629  2-7986506 

630  .2.7993405 

631  2-8000294 

632  2.8007171 

633  2.8014037 
($34  2.8020893 

635  2.8027737 

636  2.8034571 

697  2.8041394 

638  2-8048207 

639  2*8055009 

640  2-8061800 

641  2-8068580 

642  2.8075350 

643  2.8o8jiio 

644  2^8088859 

645  2-8o$5597 
6^6  2.8102325 

647  28109043 

648  2.8115750 
64P  2.8122447 


A  T  A  B  L  E  of  Logtritbms, 


2.7782136 
2.7789467 
2.7796686 
2.7803893 
2.7811088 
2.7818272 

2.7825443 
2.7852602 

2.7839750 

2.7846I86 

2,7854010 

2.786x123 

-  2.7868224 
2.7875313 
2.7882391 
2.7889457 
2.7896512 

2.7903555 
2.7910587 

2.7917608 
2.7924617 
2.7931615 
2.7938602 
2^7945577 
2.795254^ 
2.7959495 

2.7966437 
27973368 

2.7980288 

2.7987197 

2.7994005 

2.8000982 

2.8007858 

2.8014723 

2.8021577 

2.8028421 

2.8035254 

2.8042076 
2.8048887 
2.8055688 
2.8062478 

2.8069258 
2.8C76027 
2.8082785 
2.8089533 
2.8096270 
2.81029^7 
2,8109714 
2  81 16420 


2.7868933 
2.7876021 
2.7883098 
2.7890J63 
27897217 
2.7904259 

2.7911290 

2.7918309 

2.7925318 
2.7932314 

••7939300 

2.7946274 

2.7953238 

2-7960190 

27967131 
2*7974060 
27/80979 

27987887 

«-7994784 
2.5001670 
2.8008545 


2.7783683 
2.779091 2 
2.7798129 
2.7805333 

2.78i2'526 
2.7819707 
2.7826876 
2.7834033 
2*7841178 
2.7848312 

2.7855434 
2.7862544 


2.7869643 

2.7876730 

2.7883805 

2.7890869 

2.7897922 

2.7904963 

2.7911992 

2.7919011 

2.7926018 

2*7933013 

2-7939998 
2.7946^1 

2-7953933 
2.7960S84 

2.7967824 

2.7974753 
2.7981671 

27988577 

2-7995473 
2.8002358 

2.8009232 


2.8015409  2.8016095 
2.8022262  I  2.80229^7 
2.802JJ105  I  2.8029789 
2.8035937  2.8036619 


2.^^042758 
2.8049568 
2.8056568 


28043439 
2.8050248 
2.8057047 


2.8063  I  57  j  2.8063835 
2.8069935  j  2.8070612 
2.8076703  I  2.8077379 


2,8083460 
2.8090207 
2.8096944 
2  8103670 
2-8110385 

2.8ii7:)9o 


2.8084135 

2.80908S1 
2.8097617 
2.8104342 
2.81 1 1056 
2.8117760 


2.8i23n6  l?-hi237Ss|2.8i244SA 


^•779  a  , 

2,78o6or3 

2.78132^, 

2.78204:. 

2-782755,: 

2-78347:6 
2.7  84 18,2 

2-7849024 

2.7S*,6i4^ 
2:7863254 

2-78705^2 

2-7877;^ 
2.7SS4512 

278yi57^ 

2.78s:bD25 

2-791 2<y5 
2.7915712 

2.7p267iS 
2^79337^2 

2794-f,;f 

27£47f^ 

2*7954629 
2.7961579 
2.7968517 

^7975445 
2.7982362 
2.7989267 

2.7996162 
2.8003046 
2.8009919 
2,8016781 
2.8023632 
2.8030472 
2.8037302 

2^8044121 
2.8050929 
2.8057726 
2.8064513 
2.8071290 
2.807805  5 
2.8084811 
2,809155.; 

2.809829c 
2.8105013 
2.8111727 
28118430 
2.8125125 


from  I  to  loooo. 


' 


_  J5 

2.7785130 

2.779235^ 

^•7799570 
2.780677} 

2.7813963 

2.7821141 

2.7828308 

2.7835463 
2.7842606 

2.78497J7 
2.7856857 

2-7863965 

2.7871061 
2.7>$78i46 
2.7885219 
2.7892281 
2.7899331 
2.7906370 

2.79 13^97 
2*7910413 

2.7927418 

2.7934411 

2.7941394 
2.7948365 

2*795  5^24 
Z.7962273 
2.7969211 
2.7976137 
2-7983053 

2.79^9957 
2.799635  I 

2.8003733 

2.S010605 

2.8017466 
2.8024316 
2.8091155 
2.S037984 

2^8044802 
2.8051609 
2.8058405 
2.8065  191 
2.8071967 
2.8078731 
2.8085485 
2.809X229 
2.8098961 

2.8i0568< 
2.8112398 
2.81x9100 

2.812S7Q2 


2.77?J5855 
2.7783078 
2.7800291 
2.7807492 
2.7814681 
2.7821859 
2.7829024 
2.7836178 
2,7843^19 
2.7850450 
2.7857568 
2.7864675 

2.787177a 
2.7878853 
2.7885926 
2.7892986 
2*7900035 
2.7907073 
2.7914099 
2  7921114 
2.2928118 
2.7935110 

2-7942^91 
2.7949061 

2.7956020 
2.7962967 

2.7969904 
2«7y76829 

2>79^3744 
2.7990647 

2.7997540 
2.8004421 

2.8oil2y2 
i.8018152 
2.8025001 
2.8031839 
2.8038666 

2,8045483 
2.8052289 
2.8059085 
2.8065869 

2.8072644 
2.8079407 
2.8086160 
2.8092903 
2.8099635 

2,8106357 
2.8113068 
2.8119769 
2^8126460 


2.7786576 

2.7793800 

2.7801012 

2*7808212 

2.7815400 

2.7822576 

2.7829740 

2.7836892 

2.7844033 

2.7851162 

2.7858279 

2.7S65385 

2.7872479 

2.7879561 

2.7886632 

2.7893691 

2.7900739 

2.7907776  I 

2.7914801 

2.7921815 

2.7928817 

2.7935869 

2.7942789 

2.7949757 

2.7956715 
2.7963662 
2.7970597 
2.7977521 
2.7984435 

2.7991337 
2.7998228 

2,89051c  9 

2*8011978 

2.8018837 

2.8025685 
2.8032522 
2.8039348 

2.8046164 
2-8052969 
2,8059763 
2.8066547 

2-8073320 
2.8080083 
1.8086835 
2.8093577 
2.8100308 
2.8107029 

2.8 1 13739 
2.8120439 
2.8127129 


2.7787299 
2.7794522 

2.7801732 
2.7808931 
2.7816118 

2.7823293 
2.7^30456 

2.7837607 
2.7844746 
2.7851^74 

2.7858990 
2.7866095 

2*7873188 

2.7880269 

2,78873"39 
2.7894397 

2.7901444 
2.7908  479 

2.7915503 

2-7922516. 

2.7929517 

2.7936507 

2.7943486 

'27950454 
2.79574"io 

27964356 
2.7971290 

2.7978213 

27985125 
2-7992027 

2.799^917 
2.8005796 
2.8012665 
2.8019522 
2.8026369 
2.8033205 
2.8040030 

2.8046845 
2.8053649 
2.8060442 
2.8067225 
2.8073997 
2*8080759 
28087510 
2.8094250 
2.8100980 
2.8107700 
2.8114409 
2.8121108 
2.8127797 


2.7788022 

27795243 

2.7802453 
2,7809650 

2.7816836 
2.7824010 
2.7831171 
2.7835321 
2.7845460 
2.7852586 
2.7859701 
2.7866804 

2r7873b9(j 

2.7S80976 
j  2.7888045 

2,7^95102 
2.7902148 

2.7909182 
2.7916205 
2.7923216 
2,7930217 
2.7937206 
2.79441JJ3 
2^7951150 

2.7958105 
2.7965049 
2.7971983 
27978905 
2.7985816 
2.7992716 
2.7999605 
2.8C06484 
2.801335J 
2.8020207 
2.8027053 
2.8033888 
2.8040712 

2.80475^6 
2.8054329 
2-8061 121 

2*8067903 
2-8074674 
2*8081434 

2.8088184 
2.8094924 
2:8101653 
2.8108371 

2.8  II 5080 
2.8121778 
2.812846s 


r  ATABLEof  Logarithms. 


fum^ 


t.8i29f34 
2.8135810 

2.8142476 
2.8149132 

3.^155777 
2.8162413 

2.8 1690  j8. 

2.8i7*)654 
2.8182259 

9.8188854 

2.819543P 
2.8202015 

2*b20b580 

2.8215135 
2,8221681 
2.8228216 
2.8234742 
2.8241258 
2.8247765 
2.8254261 
2.8260748 
2.8167225 
2.S273693 
2.828015* 

2.8i86s99 
2.8293038 

2.8299467 
28305887 
2.8312297 
2.8318698 
2.8325089 
2-8331471 
2.8337844 

2.8344207 
2.8350561 
28356906 
2.836324! 

2.8369<67 
2.8375884 
2.8382192 

2.838849' 
2.8394780 

2.8401061 

2.8407332 

2841359 

2.841984 

2-8426092 

.2  8422328 

2.8438554  I 
2.8444772 


2.8129802 

2-8136477 

2.8543142 

2.S149797 

2.8i<;644i 
2.8163076 
2.8169700 
2.8176315 
2.8182919 
2.8189513 
2,8196097 
2.8202672 

2.8209236 
X.8215790 
2.8222335 

2.8228869 

2.8235394 
2.8241909 
2.8248415 

2.8254910 
2.8261396 

I  2.8267^72 

2.8274339 

2  828C796 

218287243 
2829^681 
2*8  3c  0109 
2-83C6528 
2«83i2937 

2-8319337 

2-8325728 

2*8332109 
2.8338480 
2.8344843 
2.8351196 
2.8357540 
2.8363H74 

2.8370199 
2.8376516 
2.8382822 
2.8389120 
2.8395409 
2.8401688 

2.8407959 
2.8414220 

2.8420473 
a.842^716 
2,843295! 

2  8439176 
2:8445393 


2.8130470 

2.8137144 
2.8143808 

2.8150462 

2.8157105 

2.S163739 

2  8170362 

2.8176976 

2.8183579 

2.8190172 

2.8196755 

2.8203328 

2.8209^92 
2.821644$  j 
2.8222989  [ 
2.8229522  I 
2*8236046  * 

2.8242560  ! 

2.8249065  * 

2.8255559 

2.8262044 

^8268519 

2.82749S5 

2.8281441 

2.82871187 
2.8294324 
2.8300752 
2*8307 1 69 
2-83i357« 
2*8319977 

2-8326366 
2.8352746 

2.83391^7 

2-8345479 
2.8351831 

2.835817.4 

2.83645.07 

2.8370*52 
2.8377147 

2.8383453 
2.8389750 
2.8396037 
2.8402316 
2.8408586 
2.8414846 
2.8421098 
2  8427340 

2.8433574 
2.8439798 

2.8446014 


2.8131138 
2.8137811 

2.8144474 
2.8151127 

2.8157769 

2.8164402 
2.8171024 

2.8177636 
2,8184239 

2.8190831 
218197413 

2.820398$ 

2.8210548 

2.82 17 100 
2.8223643 

2.8230175 
2.8236698 
2.8243211 
2.8249715 
2.82562';8 
2.8262692 
2*3269166 
2.8275631 

2.8282086 
2.8:88532 

1.829  ;967 
2.8301394 
2.8307811 
^8314218 
28320616 
2.8327005 

2.8533384 
2.8339754 
2.8346114 

2.8352465 
2.8358807 

2.8365«40 

2^371403 

2*837777^ 
2.8384083 

2.8390379 

2.8396666 

2.8402943 

2.84C92I2 

2.8415472 

2.8421722 

2.8427964 

2.8434197 
2.8440430 

2.8446635 


2.813ISC5 
2.813847S 
2.814514c 
2,8151791 

2.^15^45? 

2.8165.-6^ 

2.8i7iei!i 
2.81782^7 

2.818485;^ 
2-8i9i4<-9 

2.819^071 
2*8204642 

2.8211203 
2.8217755 
2.82242V  6 
^8230^28 
2.8237350 
x.8243be2 
2.8250364 
2.8256857 

28263  34c 
2>82695i3 
2-8276277 
2«828z7;i 

2,82^9.76 
28295611 

2.83020:6 

2.8308452 
2.83 1 48  cv 

2.8321255 

2.832764? 

2.8354021 
2.834039^ 

2.^346750 
2.S3531C: 

2.%3594ii 
2.836^77^ 

2.b372C^S 

2.83784:9 

2.838471^ 

i.839iocS 
2*8397294 

2.840357- 

2.84C9S3S 

2.8416097 
2.842234^ 
2.84285^8 
2*8434819 

2  8441042 
2-8447256 


Irom  1  to  toooo.                                                | 

»n 
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6               7 

!J 

9 

,«50 

a.«i3a47j 

2.8133141 

2.8133S08 

2.8134475 

3.8i35i43 

«11 

a.8i  39144 

3.8139811 

3.8140477 

3.8141 144 

3-8141810 

«5J 

2.8145805 

2.8 1 46471 

2.8147136 

3.8147801 

3.8148467 

«5J 

2.81,24,6 

2.8153110 

3^153785 

3.8154449 

3.8155113 

«(♦ 

3.8159096 

3.8159760 

3.8160423 

2.8161087 

2.8161750 

«il 

2.8165727 

2,8166389 

3.8167052 

3.8.67714 

3.8168376 

6l« 

J.8I7JU7 

3.8173009 

2.8173670 

2.8174331 

2-8174993 

<17 

2.8178958 

2.8 1 796 1 8 

2.8180378 

3.818-3939 

3.8181599 

■  «,! 

2.8,85558 

1.8186317 

2.8186877 

3.8187536 

3.818819J 

tfS9 

2.8193148 

3,8i9aSo<5 

3.8193465 

2.8194125 

3.8194781 

<ta 

2.:*  1 98  728 

2.8 199336 

3.VJ00043 

2.8200700 

3.8toi3J7 

6«i 

2-8305298 

2.3  30s  95  S 

3.3306611 

2.8207368 

2.8207934 

■m5 

2.8311859 

3.82135  H 

3.8213170 

a.8313825 

3.83144S0   . 

6«! 

2.8218409 

3.8219064 

2.32i97i3 

2.8230373 

2.8331037 

S«4 

2.8224950 

2.8335603 

3.8336257 

3,8326910 

2.8227563 

«, 

2.8331481 

2.8231133 

2.'i23i786 

3.8333438 

2,8234090 

M<! 

a.8238003 

2.8238653 

2.8239305 

3.8339956 

2.8240607 

6«7 

a-82445n 

2.8245163 

3.8145814 

3. 8  346464 

2.8247114 

663 

3.y35ioi4 

2.835 1<564 

2.825-3313 

3.8352963 

2.8353614 

669 

2.8257506 

383,8154 

3.8258803 

2.8959+51 

2.8260100 

670 

2.S3639S3 

3.8  264655 

a.3365283 

2.826593  ■ 

2,8266578 

«7i 

2.S  270460 

2.8271107 

3.8271753 

2.8271400 

2.8273046 

672 

2.8376923 
2.8383376 

3.8277569- 

2.8378314 

2.8278860 

2.8379505 
2.8385955 

_Jn 

3.8384021 

3.S284665 

3.8385310 

674 

3.8389)130 

2.8290463 

a.829iij^ 

3.829175* 

378297394 
3.8398824 

«7! 

J.8296354 

J.8296896 

3.8397539 

2,8398182 

«7« 

2.8303<578 

2.8303320 

2.8303962 

2.8304604 

2.8305345 

«77 

2.8309093 

2.8309734 

3.8310375 

2-8311016 

2-8311656 

«78 

^  a-83 15499 

2,8316139 

3.83 1 6778 

2.8317418 

2.8318058 

«79 

-■  2.8331895 

2.8333534 

3.8333.73 

2-8323812 

a.8334450 
3-8330833 

6S0 

2.8338381 

2.8338919 

3.8339558 

3.8330195 

eSi 

2.8334659 

2.8335a9« 

».8J3^93J 

2.8336570 

2.8337307 

«82 

2.8)41037 

2'834i663 

2,8343399 

2.8343915 

3.8343571 

«»! 

2.8347385 

3.8348021 

2.8348656 

2.8349391 

2.8349^26 

684 

a*8j5r7J5 

3.8354369 

2.8355003 

3.8355638 

2.8356272 

«S, 

2.8360075 

2.8360708 

2.8361341 

3.S361975 

2.8362608 

<sl 

a.-8366io5 

2.8)67038 

3.8367670 

2,"    ' 

2.8368935 

-6r7 

2,8373737 

3.83733W 

2.8  3  7  3990 

2. 

2.8375353 

688 

2.S379039 

2.8379670 

2-8  38030 1 

2. 

2.8381562 
2-8387861 

689 

2.8385343 

a.3385973 

2.8386603 

2.8387132 

«90 

2.8391637 

2.8392266 

3.^392895 

2.8393533 

1.8399806 

2.8394152 

^pr 

2.8397932 

3.8.398550, 

3;8399i78 

3-8400433 

692 

2.84041 9S 

2.8404835 

2.8405453 

2-8406079 

3-8406706 

«9J 

2.8410465 

2.8411091 

2.8411717 

2.8418598 
,2.8424844 

2*8413969 

«i>4 

2.8416723 

2.8417348 

2.8417973 

2.841 9223 
2.8425468 

«95 

3.84*2971 

2.8423596 
2,8429835 

2.8424320 

4« 

2.841921 1 

2!8436687 

3.8431081 

2.8431705 

4? 

2.8435442 

2.8436065 

^•8437310 

3.8437933  . 

(598 

2.8441664 

2.3443386 

2.84429Cf7 

2.8443519    12.8444150     1 

«?P_ 

_,>-8447877, 

2.8448498    2.8449119 

|45458 1 
''4.60277 


meat 


from  I  to  loooo* 

^    I     7 

2.8455321 
2*^461515 

.  2.8467700 
2,8473876 
2.8480.043 
2.8486201 
2.8492351 
2.8498492 
2.8504624 
2.8510748 
.3.8516863 
.8522970 


2.8454701 
2.8460896 
2.8467081 
2.8473258 
2.8479426 
2.8485586 
.8491736 

"^497878 
\oii 

\;6 


.^5 


jo38^ 

006374 

.861235^ 

/18  61 833c 

f  2,8624296 

2*863025'^ 

2.863620'^ 

2-S642145 

2.S64Sb76 

2:865400 } 

2.86^99if 

2.^665827 

'2.8671728 


/J 

27<$8 

564872 
-  8570912 

2.8576943 
2.8582965 
2.8S88980 
2.8594986 

2.8600983 
2.8606973 
2.8612954 
2.8618927 
2,8624892 
7.863084S 

2.S636797 
2.8642737 
2*^648669 
2.8654593 
2.8660509 
V.8666417 
2.8672317 

2,8678209 
2.8684093 
2.S689969 
2.^695837 
2.8701697 
2.8707549 

2-8713394 
2.8719230 
2.8725059 
2.873io88o 
2,8736693 


I  2.8529068 
2.8535157 

2.8541238 

2.8547310 
2.8553374 

2.8559429 
2.8565476 
2.8571515 

2-8577545 
2.S5S3567' 

2.8589581 
2£^s86 

2.8601583 
2.8607571 
2.8613552 
2.S619524 
2.8625488 
2.8631443 
2.8637391 

1,8643331 

2.8649262 

2.8^55185 
2.86611C0 

2,8667008 
2.8672907 

2.867879-8 
2-8684681 
2.^690556 
2,8696423 
2.87021283 

2.8708 1 34 
2.8713978 

2,87<98i4 
2.'872564i 
2.8731462 
7.8737274 
•  2.8743078 


2.8742498  ,   -  ,^3^," 


D  2 


2.8455941 

2.S462I34 

2.81468318 
2.8^474493 
2.8480659 
2.8486817 
2,8492965 
2.8499106 
2.8505237 
2.8511360 
2.8517474 

2.8523580 

2.85296^7 
2.8535765 

2,8541845 
2.8<479i7 

2.8553980 
2.8560035 
2.8566081 
2.8572118 
2.8578148 
2.8584169 
2.85901S1 
2.8596186 

2.86021T2 
28608170 
7.8^14149 
2-8  6  20 1 20 
2.8626084 
2-8632039 
2.8637985 
2nS643924 
2.8649855 
2.8655777 
2.8661691 
2.S667598 
2.8673496 

2.867935^7 

2.8685269 
2.8691143 
2.86970 10 
2.8702868 
2-8708719 
28714562 
2.8720397 
248.726224 
2.8732043 
28737855 
2.8743658 

2  8-'40i*:d 


I 


2.8456561 
2.8462752 

2.8468935 

2,8475110 

2.8481275 

2.8487432 

2.8493580 

2.8499719 

2.8505850 

2.8511972 

2.8518085 

2.8524190 

2.'553o'286 
2.S536374 

2.8542453 

2.8548524 

2.85545^6 

2.8560640 

2.85666S5 

2.8572722 

•2,8578750 

2.85S4770 

2.8590782 

2.8596786 

2.8602781 

2.8608768 

2.8614747 
28620717 

2-8626680 

2.8632634- 
2.8638580 

2.86445*7 
2.8650447 

2.8656369 

2.866228^ 

2.8668 1 S8 

2.8674-^86 

2.8679975 
2.8685857 
2-8691730 
2.8697596 
2-8703454 
I  2-8709304 
2-8715146 
2.8720980 
2.8726806 
2.8732625 

2.8738435 
2.8744238 


A  T  A  B  L  E  df  Logarithms, 


■m 


702 
703 
704 

706 

707 

708 

709 

710 

712 

7n 

7H 

7M 
716 

7»7 
718 

719 

720 

721 

722 

m 
724 

725 
726 
727 
728 
729 
730 

73» 
752 

733 

734 
73S 

736 

737 

738 

739 
740 

741 

742 

743 
744 
745 
746 

747 
748 

749 


2I8450980 
2«8457»8o 
2.8463371 

2.846^553 
2,8475727 
2.84S1891 

2.84^8047 

2.8494^94 
2.8500333 

2.8506462 
2.8512583 

2.8«;i8696 

2.b5248oo 
2.8530895 
2,8536982 
2.8543060 
2.8549130 

2.?i555i92 
2.8561244 

2.8567289 
2.8573325 

2.8579353 


2.8597386 

2,8603380 

2.8609366 

2.8615344 

2.8621314 

2.8627275 
2.8633229 

2-8639174 
2.S645IH 
2.8651040 

2.8656961 
2.8662873 
2.8668778 

2^i^<575 

2«868o564 
2*8686444 
2«86923i7 
2*8698182 
2.8704039 
248709888 

2.8715729 
2-S721563 

2.8727388 
2,8733206* 
,2.8739016 
2.8744818 


2.8451601 

2.8457800 

2.8463990 

2.8470171 

2.8476343 
2.8482507 

2.848S662 

2.8494808 

2.85C0946 

2.8507075 

2.8513195 

2^8519307 

2.8525410 
2.8531504 
2.^537590 
2.854366S 

2.8549737 
2.8555797 
2.8561849 

•2.856789J 
2.8573928 
2.8579955 
2.8585973 


2.8585372  ..-.,.,^,3 
2.8591383  2  85919^4 

2,8597985 
2.8603979 
2.8609964 
2.86151^41 
2.8621910 
2.8627871 
2.8633823 
2.86397<58 
2.8645704 
2.8651632 

2.8657552 
2.8663464 
2.8669368 

2.8675264 
2.86811$  2 

2.8687032 
2.8  69  29  r  4 

2.869876S 
2,8764624 
2.8710473 
2.8716313 
2.8722146 
i.8727970 
2,8733787 
2  8739597 

2.8745398 


2.8452221 

2.8458419 
2.8464608 
2.8470789 

2.8476960 
2.84S3123 
2.8489277 

2.8495423 

2.850i5<9 

2.8507687 

2.8513807 
2.851,917 

2  8526020 
2.8532113 
2.8538198 

2.8544275 
28550343 

2.8556403 

2.8S62454 


1 


2.8568497 

2.8^74531     —,,,•,, 

2.^580557    2,8^8iis9 


2.8526629 
•2.8532722 

2.8538807 
2.8544882 
2*8550950 
2.8557008 
2.8563059 
2.8569101 
2.8575134 


2.85805^7  2,8^^1159 

«  8586575  2.8587176 
2.8592584'  2.8593185 


2.8598585 

2.8604578  ,.,, 

2-8610562  1  2.861 1160 


2.8599185 
2.8605177 


2  86)6539  I  2.8617136 
2-8622507  I  2.8623103 
2-8628467  2.8639062 


2.8634418 
2.8640362 
2.S646297 
2.8652225 
2.8658144 
2.8664055 
2.8669958 

2.8675853 
2.^681740 
2.8687620 
2.8693491 
2.8699354 

2.8705210 
2.8711057 

2*8716897 

2.8722728 
28728552 
2-8734369 
2-8740177 

2-8>45978 


2.8635013 

2.8640956 
2.8646890 
2  8652817 

2,8658735 
2.8664646 

2.8670548 

2.8676442 
2.8682329 
2.8688207 
2.8694077 
2.8699940 

2.8705794 
2.8711641 

2.8717480 

2.8723311 

2.8729134 
2.8734956 

2.^740757 
2:8746557 


1.8453461 
2.845965S 

2.8465845 
2.8472024 
2.8478193 

2.8484355 

2.8490507 

2.84966^1 
2.8502786 
2.8508912 
2.8515030 
2.8521139 

2.8547239 

2-8533331 
2.8539414 

2.8545489 

2.8551556 

2.8557614 

2.8563/S63 

2.856^704 

2-8575737 
2,8581761 
2.8587777 

2.85937^5 

2,8599784 
2.8605776 

2.8611758 

2.8617733 

2.S623699 
2.862965S 
2.8635608 
2.81^41550 

2.8647483 

2.8653409 
2.8659327 
2.^665236 
2.867  H3S 

2.8677031 
2.8682917 
2.8688794 
2.8694^64 
2.8700526 
2.S70638O 
2.8712226 
2.8718064 
2.8723894 

2.8729716 

2*87355  3 1 
2.8741 33« 

2.8747137 


irom  1  to  loooo. 
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704 

706 

707 
708 

709 

710 

711 

712 

713 

714 

715 
716 

717 
718 

719 
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721 

722 

724 

72s 
726 

727 
728, 
729' 
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731 
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733 
734 

7?5' 
736 

737 
738 

739 
740 

741 

742 

743 
744 

74S 

746 

747 
748 

7.49 


2*845408 1 
2.84.60277 
2.8466463 
2.8472641 
2.8478810* 
2.8484970 
2.8491122 
2.8497264 
2.8503399 
2.8509524 

2.>$5i564i 
2-8521749 

2.8527849 

2.8533940 

2^8540022 

2.8546096 

2.8^521^2" 

2.8558219 

2.8564268 

2*8570308 

2.8576340 

2.8582363 

2,8588379 

2.8594385 


2.8600384 

2,8606374 
2.86i235<:^ 
2.8  di  8  33c 
2,8624296 
2*863025'^ 
'2.8636201 
2.8642143 
2.S64Sb7<! 
2:8654001 
2.86'599i^ 
2.8665827 

'2.8671728 

2^8677620 
2.8683505 
2.8689382 
2.8695251 
2*870111^ 
•  2.8766965 
2<87i28io 
2,8718647 

^.8724476 
2.873029S 

2.8736ri2 

2.874191s 

^^•87477 16 


2.8454701 
2.8460896 

2.8467081 
2.8473258 
2.8479426 
2,8485586 
2.8491736 
2.8497S78 
2.8  50401 X 
2,8510136 
2.8516252 
2.8522359 

2.8528458 
2.8534548 
2.8540630 
2'8546703 

2.8552768 
2.8558824 

^•8564872 
2.8570912 

2.8576943 
2.8582965  ' 
2.8S88980 
2.85949S6 

2.8600983 
2.8606973 
2.8612954 
2.8618927 
2,8624892 
7.863084S 

2.S636797 
2.8642737 
2-^648669 
2.8654593 
2.8660509 
7.8666417 
2.8672317 

2,8678209 
2.8684093 
2.S6S9969 
2.8695837 
2.8701697 
2.8707549 
2.87<3394 

2.8719230 
2.8725059 
2.87310880 
2,8736693 

2.8742498 
2.S748?96 


2,845J32I 
2*^461515 

.  2^8467700 
2.8473876 
2.8480043 
2.8486201 

2.8492351 

2.8498492 
2.8504624 
2.8510748 
.2.8516863 
2.8522970 

2.S529068 

2.8535157 

2.8541238 

2.^^5473  »o 

2.8553374 

2-8559429 
2.8565476 

2.8571515 

2-8577545 

2.85S3567' 

2.8589581 

2.8^95586 

2.86015S3 
2.8607571 
2.8613552 
2.S619524 
2.8625488 
2.8631443 
2.8637391 

2,8643331 
2.8649262 

2.8655185 

2,866i*ico 

2.8667C08 

2.8672907 

2.867879*8 
2-8684681 
2.8690556 
2.8696423 
2*8702^83 

2.8708134 
2.8713978 

2.87^9814 
2.8725641 
2.8731462 
2.8737274 
'  2vS743b78 


2.8455941 
2.8462134 
2.8(468318 
2.8474493 

2.8480659 
2.8486817 
2,8492965 
2.8499106 
2.8505237 
2.8511360 
2.8517474 

2.8523580 

2.8529677 
2.8535765 

2,8541845 
2.8<479i7 

2.8553980 

2.8560035 

2.8566081  j 

2.8572118 

2.8578148 

2.8584169 

2.8j9oi8i 

2.8596186 

2.8602182 

28608170 
2.8614149 

2-8620120 
2.8626084 
2-8632039 
2.8637985 
2^643924 
2.8649855 

2.865J777 
2.8661691 

2.8667598 

2.8673496 

2.86793^7 

2.8685269 
2.8691143 
2.8697010 
2.8702868 

28768719 
28714562 

2.87-20397 

2.8.726224 

2.8732043 

28737855 

.  2.8743<558 

t  2  8'>40jg4. 


2.8456561 

2.8462752 

2.8468935 

2,8475110 

2.8481275 

2.8487432 

2.8493580 

2*8499719 

2.8505850 

2.8511972 

2.8518085 

2.8524190 

2.^^530286 
2.8536374 

2.8542453 

2;8548524 

2.85545^6 

2.8560640 

2.85666^5 

2.8572722 

2,8578750 

2.8584770 

2,8590782 

2.8596786 

2.8602781 

2.8608768 

2.8614747 
28620717 
2-8626680" 

2.8632634. 
2.8638580 

2.8644517 
2.8650447 

2*8656369 

2.866228^ 
2.86(^8 1 88 
2.8674^86 

2.8679975 
2.8685857 
2-8691730 
2.8697596 

2.8703454 

2*8709304 

2.8715146  • 

2.8720980 

2.8726806 

2.8732625 

2.873843s 
2.8744238 


D  z 


A  T  A  B  L  E  of  Logarlthmf  • 


Num^ 


3I7503T3 

2i875^399 
2.8762178 

2-8767950 

2.87737 '3 

2.8779470 
2.8795218 

2.87>0959 
2.8796692 
2.8803418 
2.8808136 
2.8813847 
2.8^19550 
2.8825245 

2>88]o934 
2.8836614 
2.8842288 
2.8847954 
2*8853612 
2.8859263 
2.88649^7 

2.8870544 
2.8876173 

2^^8i79S 
2.8887410 
«*88930i7 
2.889S617 

2.8904210 
2.8909796 

2.891537s 
2.8920946 

2-89265 10 

2.S932068 

2.89376i8 

2.8943161 

28948697 

2.8954225 

2.8959748 
2*8965;fc6a 
2*8970770 
2-8976271 
2*89817^5. 
2.8987252 
2.8992732 
28998205 
2-900  367 1 
2*9009?  31 

2 9014583  I 
2*9020020  I 
2,9025468 


2.8751192 

2.8756978 
2.8762756 
2.8768526 
2.87741^89 
2.878CO45 
1.8785792 
1.8791532 
2.8797265 
2.  S 802990 
2,8808707 
2.8814417 

2.8820120 
2.8825815 
2.S83L502 
2.8837182 
2.8842855 
2.8S48520 
2.8854178 

:  2.8859S28 
2.8865471 
2.8871107 
2.8876736 
2.8882357 

2*888797 1 
2.8893577 

2.8  899 177 
2*8904769 
2*8910354 
2*59 1 5932 
2*8921503 
2.8927066 
2.8932623 

2.893817* 
2.8943715 

2.8949250 

^8954778 

2.89602^9 

2.8965813 

2.8971320 

2*8976821 
2.8982914 
2.8987800 

2*8993279 

2*8998752 

2.9004218 
1*9009696 
2«9oi5i2& 
a  9020573 
2.90.26011, 


mmf 


^rm^mm 


2.8751771 
2.8757556 

2.8763333 

2.8769103 
2.8774865 
2.8780^20 

2.8786367 
2.8792106 
2.8797838 
2.8803562 
2.^809279 
2.8S14988 

2^20689 
2.8S26384 
2.8S32O7O 
2.8S3775O 
28843421 
2.8849086 

2.S854743 
I  2.8860393 
2.8866035 

2.S87167O 
t.8877298 
2.8882918 

2.888S532 
2.8894138 
2*8899736 

2  8905328 

2»S9ir9i2 
2-^9 '^6489 
2.^922059 
2.8927622 
2-8933178 
2.H938727 
2.8944268 

2.8949803 
2.895  5  3  jO 

2.8y60«5f 

2*8966364 
2.8971871 
2.8977370 
2.8982863 

2.8988348 
2.8993827 

2*8999299 
2.9004764 

2  9010222 
2.9015673 
2.9011117 
2.9026555 


2.5752349 
2.8758134 

2.8763911 

2.8769680 

2.877544" 
2.8781195 

2.8786941 

2,8792680 

2.8798411 

2.8804134 

2  8809850 

2.8815558 

2.8821259 

2.8826953 
2.8832639 

2.8838317 
2.S843988 

2.8849652 

2.S855308 

2.8860957 
2.8866599 
2,8872233 
2.8877860 
2.8883480 

2.8889093 
2.8894698 
2.8900296 
2.8905887 
2.8911470 
28917047 
2.8922616 
2.8928178 

2*893373? 
2  89^9281 

2.8944822 
2.8950556 
2.89^5883 

2^961403 
2^8966915 
2897247.1 
2.8977920 

2.8983411 

2.8988g97 
^8994375 
2.899984^ 
2.9005310 
2*9010767 

:  2.901 6215^ 
1.9021661 
2,9027098 


1.8752918 
2.8758712 
2.8764488 
2,8770256 

2.8776017 
2.8781770 
2.8787515 
2.8793253 
2.87989S3 
2^804706 
2.8810421 

2>88i6i29 

2.8821829 
2.8827522 
2.S833207 
2.883&)s85 
2.8844555 
1.8S50218- 

4S55S74 
2.8861522 
2.8867163 
2,8872796 
2.8878423 
2.8884042 

£88^9653 
2.8895258 
2.8900855 
2.890^445 
2.8912028 

2.^917604 
2.8923173 
2.8928734 
2.8934^88 
2.8939836 

2*8945  376 
2.8950909 
2.89564^5 

2.8961954 

2.89674M 

2.8972971 

1.8978469 

2.8983960 

2.898944^ 

2*8994922 

2.900O092 

2.5)005856 

2*^11313 

t.9016762 

25^22205 

2*9027641 


from   1    Co  lOOOO, 


A 


tlutit. 

so 
5« 

5» 

5J 
54 

.0 

57 

58 

'62 

'64 

'66 

'67 

f6S 

r69 

70 

71' 
72 

74 

75 

76 

77 
78 

79 
80 

81 

83 

'^ 

r8(5 

'87 

88 
89 

r90 

91 

94 
95 


2*87^3507 
2.87  5929  ^ 
2.8765065 
2.8770833 
2-8776592 

2»878234j 
2.8788089 
2.8795826 
2.8799556 
2.8805278 
2*8810992 
2.8816699 

2.8821398 
2.8S28090 

2-8833775 
2.8839452 

2.8845122 

2  8850784 

2.8856439 

2.8862086 

2.8867726 

2*8873^59 

2.88789^5 

2.8^84603 

2  8^90214 
2.8895818 
2.8901415 
2.89070-^4 
1.8912586 
28918161 
2  8923719 
2  8929290 

2.8934843 
2.8940^90 

2.8945929 

2.8951462 
2.8956987 

2.8962506 
2.8968017 

2.8973521 

2.89790f9 

2.8984509 

2.898^993 

2.8995469 

2.9C00939 

2.900640a 

2.9011858 

2.9017307 

2,9022749 

2.9028185 


2.8754086 
2.8759868 
2.3765642 
2.8771409 
2.S777168 
2.8782919 
2.878S663 
2.879 140 ") 
2.88joi23 
2.8805850 

2.8811563 
2.8817269 

2.8  8  2  2968 

2.8828659 
2.8834343 

2.8840019 

2.884568S 

2.885i3<;o 

2.8857034 

2.8862651 

2.886829  :> 

2.8873922 

2.8879547 

28885165 

2.8890775 

2.8896378 
2-8901974 

2-8907563 
2-8913144 
1*8918718 
2-89^285 
2  8929846 
2-8935398 
2.8940944 
^.8946483 
28952015 

28957539 

1.8963057 

2.8968568. 

2.8974071 

2.8979568. 

2.8985058 

2.8990541 
2.S996017 

29001486 
2.9006948 
2.9011403 
2.901 785T 
2.9023293 
2.9021728 


T 


2-8754664 
2.8760446 
2.8766219 
2.8771985 

2-8777743 
2.8783494 

2.8789237 
1.8794973 

2.8800701 
2:8800421 

288iii34» 
2.8817810 

2.8823537 

2.8829228 
2.8834911 

2,8840586 
2.8846255 
2  8851915' 
2.8857569 
2  8863215 
2.8S68854 
2.88744.85 
2.8880109 
2.8885726 

2.8^9  3 j6 
9^8896938 
2.8902533 
2.8908121 
2.^^13704 
2.8919275 

2.8924842 
2.8930401 
2.8935953 
2.8941498 

2.8947037 
2.8;?52568 
2  8958092 

2.8963608 
2.8969118 
2.8974^2 « 
2.89801 17 
1  8985606 
2.8991089 
2.8996564 
ft.9002032 
2.9007494 
2.9012948 
2.9018396 
1.9023837 
2.902927 1 


'  2:8755243 

I  2.8761023 

2.8766796 

2.8772561 
28778319 

2,8784069 
2-8789811 
2  8795546 
2.8801273 
2.8806993 
2.8^12705 
2^818410 

2.8824107 

2.8S29797 

2.8835479 
2.8841154 

2.8846821 
1.8852481 
2.8858134 
28863779 
2.8S69417 
2.8875048 

28880671 
2.8886287 

2.8891896 
2.8897498 
2.8903092 
2.8908679 
2.8914259 
2.8919832 

2.8925398 
2.8930957 

2.8936508 
2.8942053 
2.8947590 
2  8953120 
2.8958644 

2.8964160 
2.8969669 
2.8975171 

2.8980667 
2*8986155 

2.8991636 
2.8997111 
2.9002579 
2*9008039 
2*9013493 
2-9011940 

2.9G|243gi 

i.9dt298f4 


2.8755821 

2.8761601 

2.8767373 
2.8773137 

9.8778894 
2.8784643 
2.8790385 

a  8796x19 
2.8801846 
2.8807564 
2.S81327/S 

288189.80 

a.8814676 
2.^830365 
2.8836047 
2.8841721 
2.8847387 

2.8853047 
2*8858699 

2.8864343 

2.8S69980 

2.8S75610 

2»888i233 

2.8886^^48 

2.8892457 
2.8898058 
2.8903651 
2.8909238 
2.8914817 
2.8920389 
2.8925954 

2-8^3 151a 

2.8937063 
2.8942607 
2.8948143 
2.8953673 
2^895919.5 

2.8964711 

1.8970220 

2.8975721: 

1.8981216 

2.8986763 

28992184 

2.8997658- 

2.9003125 

a.9008585 

1.9014038 

2.9019485 

3,9024924 
2-9^  30;  s  7 


I 


A    TABLE  of  Logarithms. 


'. 


8co 
8oi 
So2 

803 

804 

8c5 
^c6 
807 
8c8 
Sep 
810 
Mi 


81? 
8,3 

^'^ 
815 

816 
817 
818 
819 

820 
821 

822 

8?3 

8.5 
826 
827 
82S 
^29 
8?o" 

^93 
835 

837 

838 

839 

84ar 
84! 
842 

844 
845 

846 

847 

848- 

8: 


2.9030900 
2.9036325 
2,9041744 
2.9047155 
2*9052560 

2.9063350 
2.9068735 
2.9074114 
2.9079485 

2.90S4850 

2  9C902C9 

« II  ■ 

2.9095560 
2.91C0905 

2.9 1  c6  244 
2-9111576 
2'9ii6902 
2*9122221 
2.9127533 
2^9132839 
2.9138139 

2*9143432 
29148718 

2-9153998 

2.9159272 

2.9i(<4539 

2  i;^]  69^00 

^•91750^5 
2  ..9 180^03  * 
'.i9:85C45 
.5,91507s  I 
.2.91960TO 
2.9201233 

2  9706450 

2.92  n<^6^ 
i.p8i6865 
.2:9222063 

2*9227255 

7.9232440 
2.923762c 

2^  ^4^793 

2^9?479^^' 
2.-9253121' 

2,5>258276 

2,9263424 
2.92685^7 

2-9273704 
2.9278834 ' 

^2.9281959 


2.9051443 
2.9036867 

^9042285 
2.9047696 

29053101 
2.905  S498 

2^0638^9 
2.9069273 
2.907465  1 
2.9080022 
2.90S5386 
2.9090744 

2.9096095 

2.9 10 1 440 

2.9106778 
2-9' I21C9 

2.9117434 

2.9122752 

2.9128064 

2.9133369 
2.9138668 
2,9143061 

2.9149246 

2.9154526 

2.91^9799 

2.9i65(>66 
2.9170326 
2,9i>55So 
2.9180328 
2.91 36c6y 
'2.9 '91304 
2.919653^ 
2.9201755 
2.9206971 


2.9031985 


I 


. 


1.9037409 
2  9042827 
2,9048237 
2.9053641 
29359038 
2.9064428 
2.9069812 
2.9075 188 
2.9080559 
2.90859.2 
2.9091279 

2  9^96630 
2.9101974 
291C7311 
1.9' "2642 

2.9117966 
2-9123284 
2.9128595 

2.9133^99 
2.9139198 
2.91444^9 

2-9M9775 
2.91550J4 

2.9160326 
2.9165^92 

2.9 1 708  5  i 

2.9*76105 

*  2.9181952^ 

2.9 1 91 827 
2.9197055 
29202277 

2.9207493 
2.9212702 

2.9217565 


2.9227773 
2.9232958 
2.9238137 
2.9243*3 10 

'2.9P4K476 

29553637 
2.9258791 

2.9269939 

2  9269C81 

2.9174217 

^•$>479"47! 
'i49^8'447r 

,2^2Ji.i.Si. 


2.9^2  r2 1*^1 

'••9217385 
2:922258;?  J  2.9223102 


2.9228292 

2*9233477 
2.9238655 

2.9243827 

2.9248993 
2*9254152 

2.y2593<^6 

2.9264453 
2.9269595 

2.9274730 

'^2-92798^9 
'^2.^284983 


29032528 

29037951 
2*9043368 
2*9048778 
2^054181 
2*9059577 
2*9064967 
2.9070350 
2.9075726 
2.9081095 
2  908645 S 
2.9091815 

2,9097165 

29101508 
2.9107844 

2.9113174 
2.9118498 
29123815 

2.9129126 

2.9134430 
2*9139727 
2.914501^ 
2.9150303 
2.9^5*^81 

2.9160853 
2'9i66iiJ5 

2-91 7^78 
2.9176630 

2.9181^77 
7.9iX*7fi7 

'2.9192350 

•2.9197578 

2.9^02799 

7.9feo8oi4 

2.9213222 

''2-.9fe  18425 

2^9^2962 1 

2.9^28811. 

2-92  3  399  J 
^•9?39'72 

2-9F44344 

2:9^495^9 
2.9^5466  b; 

2:9;  598  2 1* 

2.9^64968 
2,9270109 

2.9275243 
2;9t8o372 

2.9^85495 


2.903^071 

2.9038493 
2.9043909 

2.904931b 
2.9054721 
2.9060116 
2.9065  5  C5 
2.907  cSb  7 
2.9576263 
2.9081652 
2,9086954 
2.90923  ^c 

2.9097^99 

2.91C3C:42 

2.910^37^ 

2.9ir37-7 
2.91 19030 

2.9124346 

2'9i296<56 

2.^1349^^ 
2.9140257 

-9*45'^47 
2.9 1 5083 1 

2-91561C9 

2  9?Oi38o 
291 66645 
2.9171933 
2:9177155 

^.^i824::i 

:.J)  187540 

2.91^2873 
2.91981C0 
2.9203321 

;2.92oS535 
Z.52137.V3 
2-9218945 

.2>9224UC 

2.922933.> 
2.9234513 
2«92j96pc 
2«9244S5o 
2.92^0025 

2-9255184 
2,92^0336 
2.9265  4S  2 
2.9270622 

2*92757':'^ 
2,92^5^5 
"2,9286007 

2c?aij2; 


I 


from.  I  to  ioooo« 


i 


Num. 

8cx> 

802 
803 

804. 

805 

806 
807 
808 
809 
810 
8ir 

812 

813 
814 

81S 

816 

817 
818 
819 
820 
821 
822- 

82} 

824 
825 

826. 

827 

828 

S29 

830 

891 

832 

834 

836 

«37 
838 

839 
840 

841 

S42 

B43 
844 

84$ 
846 

847 
848 

849 


.  5 

.2I5033613 

2.^039035 
2.9044450 
2.90498  59 
2.90^5260 
2.9060655 
2.9066^44 
2.9071425 
2,0076800 
2.9082169 

2-9087533 
2.90928  {5 

2.90^8234 
2.9103576 
2.2108911 

2.91 14240 
2.9r  19562 
29124878 
2.^130187 
2-9135490 
2.9140786 
2.9i46o-'6 
2.9151359 
2.9  !<  663  6 

2.9161907 
2.9167171 

2.9172429 
2.1177680 
1.^  182925 

2  3188164 

2-919339'^ 
2  9198623 

2.;f203S42 

2*9i209(756 
2*9(214263 

2.92Iy465 

2.92  246*;  9 

2.9229848 
2.9235031 
2.9240207 

2.9b45377 
^•9B$054i 

2.9^55699 

2,9260851 

2.9265997 

29271136 

2,9276270 

2.9281397 
.  2,9486518 

'  ^.9Mf'6u 


•2.^034156 

2.90J9577 

.  2^04499* 
2.5^050399 

2.9055800 

2.9051195 

2.9066582 
2,9071963 

2;90773?7 

2J9082705 

2.5088066 
2.909^420 

^  ■- » 

2.0098768 

2.pio4i09 

2.9109444^ 
2.^,114772 

2.9120094 

2.9125409 

2.9130717 

2.9136019 

2.9i4»3»5 
2,9146604 
2.9151887 

2 916143  J 
2.9167697 

2.^172954 
2.917^205 

2-9183449 

29188687 

1.9193919 

2.9199145 

2.9204364 

2.^209577 

'2.9214784 

29219984 

2.9225179 

1.9230367 

2.9235549 
2.9240724 
2.9245894 
2.325*057 

'2.9256215 
2.9261366 
2.92O65II 
2.9127:650 
2.9J276783 
2.917.81909 

.2.9J287O3O, 

•2,9'29'^i45 


2.9034698 
.2.9040119 

2-9045533 

2.9050940 

2.9056340 
2.9061734 
2.9067121 

2.9072501 
2.9077874 
2^085241 

2  9088602 
2.9093955 

2.p099}O2 
.  2.p  104643 
2.p 
2,p 
2.9 
2p 
2.9 

2.0 


1-1— J 

12.9040661 

2.9046074 
2.9051480 
2  9056S80 
219062273 
2*9067659 
^  9^7^038 
2,9P784,ii 
2.908  37  7S 
2190891^7 
2*9094490 


09977 

1530J 
20626 

25940 
31248 

3<5549 
41844 
47133 
52415 
57691 


2.9162960 
2.9168223 

2.9173479 
2.9178730 

2.9183973 
2.91S9211 
2.9194442 
2.9199667 
2.9204886 
2.9210098 
2*0215304 

2-9220504 
'  29225698 

2.9230885 
2.9236066 
2.9141242 
2.9246410 

1.9251573 
2.91256730 

2.9261880 

2.9267025 

2.9272165 

2^9277296 

2.9282422. 

I"  1.9287542 
2.9292656 


' 


2.9099837 
2.9105177 

.2.9I10J10 

2.9115837 

2.9421157 
1.9126471 

2.9131778 

2-9 137079 

2.9142373 
2.9147681 

29152943 

2.9158218 

2.^163487 
2.9168749 
2.9174005 

2.9179254 

2.9184497 
2.9189734 

2.9194965 

1.9200189 
2.9205407 
2.9210619 
2.9215824 
2.^221024 
^.$216217 


— ^'  '  * 


2.9231404 
1.9236584 

2.924I7J9 

2.9246927 
2.9252089 

2.9257245 

2.9262395 
2.9267539 
2-9272677 

2*9277808 
2-9282934 

2.9288054 
1.929^167 


2.903  J  7«  3. 

2.904W62, 

2.9046615: 

2.9052020 

2.9057419 

2*9062812 

2.9068197 

•2  907357<5 

;     2.9078948 

2.9084314 

2.9089673 
29095025 

2.9100371 
2.9IO57IO 
2.91.11043 
2.9116369 
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2.9632583 

29637406 
2.9642125 
2.9646838 
2.9651547 

296^6250 

2.9660948 

2.9665641 
2.9670329 
2.9675012 
2.9679690 
2.9684362 
2.9689030 

2.9693693 
2.9698351 

2.970jo<.H 
2.9707652 
2.9712294 
2.97169^2 

2-9721565 
2.9726193 

.2«97?o8i6 
»-9735435i 

2;9710043 

2.9744656 
2.9749260 

2.9753858 
2.9758452 

1,976304 1 
2.97<J7625 
2.9772104 
2  0776779 


fm^m 


A  T  A  B  L  E  of  XogBiithiDs. 


9^0 

9S» 
952 

9S3 
954 

955 
956 

.958 

959 

960 

961 

96a 
963 
964 

9^5 
"9^6 

;.9^7 
"968 

969 
970 

;97i 
972 

973 


974 
•  975 
.97^ 

979 
989 

981. 
982:, 

984 
98? 

9*6 

HI 

989 
990 

99* 
992 

993 

994 

995 
996 

998 


f. 


999 


2:9777236 
2.978180$ 

2.9786569, 

2.97909«9 
2-9795484 
2.9809034 

2.9804579. 
X9.809U9 

ii98i2655 
2.9818486 

2.9822712 
2.9^27234 

2,9831751 

2^3j6263, 
2,9840770 

2-9|45273 

2.984977» 
2.9854265 

2.9858754 
2.9863238 

2.9867717 
2.9872192 

2.9876663 
2.9.881128 

2,98855^0 
2.989004<$ 
2*9894498 

2.9898946 
2.9903389 

2.9967829 
2.9912261 
2*9916690 
2.9921115 

a-9925535 

■  3-9929951 
2-99343^2 

29938769 

2-9943171 
2.99475^9 
2.995  J963 
2.9956352 
2,9960736 

2 9965 117 
2.9969492 
2.9973864 
29978231 
2-9982593 
2  9986951 

2.9991305 
2*99^5655 


^^9777693 
2.9782262 

2.9786826 

2.979J385 

2-979,5939 
2.9800488 

2.980503.3, 

»*8o9572. 

2.9814108 

2.9818639 

2.9823165 

2^9827686 

2.9832202 

1.^^36714 
2.9841221 

»-9.84S723 

2.9850221 

2.9^547  "4 
2.9859202 

2.9863686 

2.9868165 

2.9872640 

2.9.877109 

29381575 

2.9^^86035 
2.9890492 
2.9894943 
.2-9899390 

2-9993  8  33 
2*9998271 

-^2*9912704 
r99ijf33 
2*9921557 
2*9925977 
2.9930392 

2.9934803 

^.9939210 

^99.43611 
2.99  18009 

2.9952402 
29956791 

2.996  c  175 
2.9965554 

1^.9969930 

2.9974301 

V9978667 
2^998302^ 

2  9987387 

2.9991740 
2.9996090 


2.9778150 
2.978S718 

2.97S7282 

2.9791840 

2-»796394 
2.9800943 

2.9^054^87 

2.9^8  looajr 
2.98 1456a 

2.9'8 19092 

2.982361  jf. 
2.9828138 

2  9? 3 2654 
2.9837165 

2.9841671 
2.9846173 
2*9850670 

2.9855163 
2.9859651 

2.98641  H 

2.986861^ 

t.9873687 

2-9877556 
2*9882021 

2.98864^1 

2.9890937 

2.9.895388 

2.9899835. 

2*9904277 

29908714 

2-9^^13147 

2.9917575 
2,9921999 

2-9926419 

2-9930834 

2.9935244 
2-9939650 
2.9944051 

2.9948448 
2.9952841 
2.9957229 
2.9961613 
2.9965992 
^.99703^7 
2.9974738 
2.9979104 

29983465 
2.9987823 

2*9992176 

2.9996524 


2.9778607 
2.9783175 
2.9787738 
2.9792296 

2.9796849 
2.9801398 

1.9805942 


4^- 


*.9779o64 
2.97*3631 
2.9788194 

'-^•979t75i 

2-9797304 

2.980ES52 

_,-,,^^_  ,2.9806396 

2.9810481   2.9Si  09134 

2*9815015  I  2.98154158 

o«Qi^.->.        2.9819997 


2.9819544 
9^24069 

2.98flJ»5^9 
2.9833105 
2.98^76*6 
2.9842122 

2.984^623 
2.9851120 
2.9855612 
2.9860099 
2.9864582 
2.9S69060 

2.9873534 
1,9878003. 

2.9882467 

219886927 
2.9891382 

2.989i8« 
2.9900279 
2.99P472' 
.2.9909158 
1.9913590 
3«99i8ot8 

2.99^.2441 

2.9926^60 

2-993  U75 
^•9935685 


29953280 
2.995  76«8 

2.9962051 
^1.9966430 
2.9970804 

*-9975»74 
2.9979540 
2.9983901 
2.9988258 
1.9992611 
^9996959 


2.98>4522 
2.9829041 

a-923|556 

^2.9838066 

2.9842572 

2.9847073 

2.9851569 
1*9856061 

2.9860548 
2.9^65030 
2.9869508 
2*9873981 

2^878450 
2.9882913 

2,9887373 

2.9891828 

^^89*5278 
2.9900713 
"2.9905164 
2.9909601 

^•99*4033 
2.99>846i 
2.9922884 

^•9927302 

2*99li7»6 

2*98)^126 

^9940531 

2^44931 


^•99*8888^    2.9949327 


299^3719 

1.995  8 106 


2*9966868 

2.997124a 

2*9975^1 1 
2-9979976 

^984337 
2.9988694 

2-9993046 
2-9997393 


n 


trom  I 


to  ioooo« 


Num. 

950 

95a 

951 
954 

955 

956 

958 

959 
9$o 

961 

963 
963 
964 

965 

965 

967 
963 

969 

970 

971 
972 

321 

974 

975 
976 

977 
978 

979 
9S0 

981 

982 

983 

•984 

98  s 

986 

9*7 
98S 

989 
990 

991 
992 

993 
994 

995 

99^ 
997 
998 

999 


,  «^795>i 

a.978W5o 
2.9793207 

2-9797759 
2.9801 307 

2.98068  <o 
2.9811388 
2.s)8i592r 
2.9820450 
2.9824974 
2-98Z9493 
2.9^34007 

2.9838517 
2.9843022 

2.98475«3 
2.985^019 

2.98^6^10 

2.9860996 

2,9865478 
2.9869955 

2.9874428 

2.9878896 

2.9^83360 

2.9^»78l8 

'  2.9892273 

8*989^722 

2*99  1168 

2*9905608 
2^99^0044 

299144;^ 

2^18903 

2.9923326 

2-99a77ft 
2^.32157 
2.99^6566 

2.9M097' 

2.994537' 
2.9949767 

2.9954158 

2.9958545 
2.9962927 

2.9967305 

2.997 1'579 
2*9976048 

2.9980413 

2-9984773 
2.99891 '29 

2.9993481 

2.9997^28 


2.9779978 
^•97»4544 
2«9789to«> 

^793Ma 

2.9798214 

>£.98o27di 

2.9807204 

2.9811841 

2,9816374 

2.9820902 
2.9825426 
2.982991^ 

2.98344^9 

2.9838968 

2-9843473 
2-9847973 
2-9852468 
2.9856959. 

2-98614*4.5 

29865916 
2.9870403 

2-9874875 

2.9879343 

2.98838^6 

2.9888264 
'  2,9892718 
:» 2  9897167 
2.9901612 
2.990^052 
•^9104^8 

2.99*49  J  9 

2.9919345 
2^9*3768 

i^^%%  1 85 

2^932598. 

^.9937007 

1  2>994i4u 

^99458*1' 
2.9950106 

2-9954597 
2.9958983 

1.996^65 

2.9967743 
2.9972116 

2.99764^5 
2.9980849 

2,9985209 

2.9989564 

2.9993916 

2.9998262 


1 7 


2^978043  J 
2.9785001 

2.9789562 

2*9794118 

2^798669 

2.9803216 

2*9807758 
2.9812295 

2.9^16827 

2.9821355 

a.9825878 

2.9830396 

2*9834910 
2.9839419 
2.9843923 

2.9848422 

2.9^52917 
2.9857407 
2.9;)  6 1893 
2.9866374 
2.9870850 
2.9875322 
2.9879789 
2>9^84?52  I 

2.9^5^/10  1 

2.9S93163 

2*9897612 

2-9902056 

2*9906496. 

2-9910931. 

2*99153^2 

1«99 19788 

2-9^24210 

2.9928627 

2i9933339 
2^99374+8 

2*9941851 
2.9946251 

2-9950645 
29951036 
3.9959422 

2.9963803 
2.9968180 

2.997*553 
^.997692 « 
2.99S1285 

2.9985645 
2.9990000 

2.9994350 
2.9998697 


2.V780892 

2.9785457 
2.9790017 

2.9794573 
2.9799124 

2.9S03670 

2.980^212 

2.981 27418 

2.9817280 

2*9821807 

2.98^6330 

2.9^.^0848 

2^9835361 

2.y8398J$9 

2^9844373 
2.9848872 

2.9853366 

2.9857856 

2*9861341 

2.9S66522 
a.98712918 

2.9875769 
2.9880236 

2^884698 

2^9^89155 
2  9S956o8 
2.yS98o57 

2-9902500 
2-9906940 

2-9911374 
2*9915805 

2.9920230 

2.9924652 

2.9929068 

2.993  348« 

2.9937888 

2.994^291 

2.9946690 
2.995108; 

2.9955474 
2.9959860 

2*996^241 

2.9968618 

.29972990 

2*9977358 

2.9981721 

2.9986080 

29990435 
2.9994785 

2.99991 3  L_ 


2.97H1348 
2.9785913 

2.9790473 
2.9795028 

2-9799579 
2.9804125 

2.9808666 

-  2.9813202 

2.9817733 
2.982^60 
2.9826782 
2.9831299 

2.9835812 
2,9840320 

2.9844823 
2.9849322 
2.9853^^16 

2.9858305 

J  2.9862790 
2,9867270 

2,9871745 

2.9876216 

2.9880682 
2^9885144 

2.9889601 
2.9894053 
2.9898501 

2-9902944 

,2.99^7383 

2.991 1818 

2.9916247 

.2.9920673 

2,99*5093 
2.^929510 

29933921 
2.9938329 

2.9942731 

.2.9947130 
2*995*524 

2-99559^3 
2.9960298 
2*9964679 

2-9969055 
2*0973427 

2*9977794 
2.99S2157 
2.9986516 
2.9990870 
2.9995220 
2.9999566; 


*     .- 


r  I 
) 


wmM 


A  Table  of  Artificial  Sines^ 


o  Degrees. 


M 


o 


3U1C 


16.764756: 
J  6.940847, 

47»'i6<)786c 
57.1.52696 


67.24i877i 
77.308823c 

97.41796^1 

11  7.S051181 
i2  7-5429')6^, 
'3  7*577668i^ 
14  7-6098  5  3c 

157-6^9816 

167.667844^ 

i77-594»75 
18  7-71 899'^6 

197-7424775 
2o*7-7^47J3: 

2i7-73s942 

227-^6145^- 

237.825450; 

24j7.^43933^ 
257*^61662: 

76.7-^7^695: 

277.895085  c 
287.9io879> 
597-925119: 

3017.9408,41s 


I   (.   KJCC 


9.y9999$^i 
;.9999998| 

^.9999997 

^^9999995 

;.99P9993l 

;.999999ijJ 

;>,9999988- 

;.  9999985 

9.9999982 

9.9999978' 
9.9999974- 

9*9999969' 

9.9999964^ 
A9999959' 

P-999995J' 

^9999947 
p.9999940 

>9999934 
9.9999927 


^•99999 1  > 
9.9999911 

99999903 
9.9999894 
^•9999885 

P-99998y« 
9.9999866 
9.9999856 
;.9999845 

;j£999835 

Sine. 


Fang: 

J.OfWCODO 


^.4637261 
^.7647562 
6.94.8475 

7.0657863 
7.1626964 

7^87^8 

7.3088248 
7.3668169 
7*4179696 
7.4637273 

7.5051203^ 
7.5429091- 

7*^7767 15 

7.609856^ 

7*6398261 
7.6678492 

7.694 1 7  8e 
7.7190026 

7.742484 
7  76476ILC 

7.785950b 
7.8061547 

7.8254604 

7.^39444, 
7,861673^ 

7.8787077 
7.895098b 
7.9108938 

7.9261344 
7.9408584 


Iniiiiite. 

13.53162739 
13.235243 

*H>59'5'2> 

^•9342 1 37 
2.8373336 


iSccanc. 


laooopooc* 
f0.ooobcoi 

*0.0000003 

r  CO  90000:* 

ic>oooooo< 


2.7581222 
2.6911752 

2*6331831 
2.5820304 
2.5362727 


2.4948797 

2.4570909 
^.42^3285 
2.3  xn434 

2.3601799 


12.3321508 
2,3058214 
2.2io9974 
2.2575159 
7.4352390 


2.2140492 

2.19^8453 

2.174S396 
2.1560556 
2«i38326i( 


2.1212923 
2.1049012 
2.089  r  062 
2.0738656 
2.0591416 

Tang. 


laloocoQd 


I 


10.000000/ 

i-o.ox>ooo9 

iCOOOOOfv 

1 6.0000015 
16.000001S 

10.000002^ 

IO.OOOOD26 

10.000003] 
iaooooo3< 

10.0000041 

10.00U0047 
IO.OOC0053 
io.oooco6c 

io.ooooo6f 
100000073 

10.0000081 

ICOOOOoSy 

10*0000097 
16.000010^ 
faoocoii« 


Infinite,  y 

1 3^53^2735  59 
9^23524390 

•?*059M27k? 
2.9343 14c 

^S37|Q4d 


10.0000124 
100000134 

iQrocoDi44 

£C*OOOOl5^ 

ro.0000165 


1^ 


2.758122954 

2-6911761^3 
2.^3  Ji  843*52 

2.582031051 
2^627451^ 

1.49488 19)49 

M57093SH^ 
2.42*331^7 

^39^1470  4<^ 
2^3^184-445 


2-3B«*S55  44 

2.305826743 
2.281003442 

2.257$2a5}4» 
2.23524^3^0 


2.2140573 
2'»93*54a 

2.1745493 
2.1560662 

2-138^77 

2.1213047 

2.1049146 
2.0891207 
2.0738810131 
2.0591581  p 

Secant. 


i9 

\l^ 

37 
3^ 

35 

34 
33 
32 


89  'Degrees^ 


■^ 


Tan^entSi  and  Secants. 


M 


J-a  7^940 


7.9550819 


Sine. 


nc.F 

84»y 


o  Degrees. 

Tang,  I 


327*9688698 

J37.9822334 
347.9951980 

35  8mX)77867 

56 

39 


S/D200207 
8.0319195 
8.043  5CX39 

5^8.0547814 
^018.0657763 


41 

42 


3-0764997 
8.0869646 

438.0971832 

448.1071669 


451?, 


46i8- 

1$: 
50!?: 


5i| 
^^1 


'8, 
:8. 


54G- 


I6f262 


26471c 

358104 

449532 

53907s 
626808 


712804 
797129 
87984^ 
961020 
^[8.2040709 


(6,8.2118949 
^718.219581) 
588.2271335 
5Q^8.234<56S 
638.2418553 


9.99998  3  <j 


9.9999823 
9.9999812 

9.999980c 
9.9999788 

99999775 
9.9999762 
^•9999748 

9*9999735 
9-999  vl  2^ 
p^99997o^ 
9.9999691 
9  9999676 
9-999966C 

99999644 
9  99y962S 


9.9999611 
^9999594 
>-9999577 

^•9999559 
9-099954' 

9.9999522 

^•9999503 

^.9999484 

9.9999464 
9.9999444 

9.9999424 
9999940? 
99999382 
9.9999360 
9.9999338 


Sine. 


7.9408584 

7.9  5  5099"^ 
7.9688886 

^.9822534 
7.9952192 
^»  007  809  2 

^020044 5 
^.03194.46 
^.0455274 

"?.  05  48094 
^.0658057 


^.0765306 
i.0869970 
3.097217? 
■.1072025 
-^.1169634 

^.1265099 
^.1358510 
^•1449956 

?.i5i95»6 
^.1617267 


<;i7ij282 

i. 17976 .6 

^.1880364 
^•1961556 

^j  2041 259 
^•211952'^ 

i.2196408 

^•2271953 
S.2346208 

^24l92lS 


2.059I4I6 


2.04490G4 
2.031III4 

2.0177466 

2.0047808 

.9921908 


|5ccant. 


•9799555 
•9680554 

.9564726 

.9451906 

'934 1943 

.9234694 
.9130030 
.9017828 

•8927975 
.8830366 


.8734901 
•8641490 
.8550024 
.8460484 

•8?72733 


1 


.HV86718 
.8201374 
.81196^6! 

8^38444^ 
.7958741 


.7S80474 
7803592 

7728047 
7653792 
7580785 


0.OO0O177 

aooooi8S 

VP.000020C 

0.00C02 1 2 

0.0000225 


0.0000 1 6<} 


Tang.  11 


89  Degrees. 


0»OG0023b 

q.oooca5i 
OWO000265 
aooooi79 
0*0000294 

0.0000309 
0.00C0324 
o  00a034c 
0.0000356 
0.0000  }7  2 


0-oooo3b9 
0.0000406 
a 0000423 
0.0000441 
00000459 


O.COD0478 
0.0000497 
0,0000516 
00000536 
0/XDO0556 


0.0000576 
0.0000597 
0.0000618 
0.0000640 
0*0000662 


I 


2.0591581 


30 

2.0449181  29 
2.0311302  2S 
2.0177666  27 
2.ao48Q2o  26 
99221 33 25 

979979324 
9680805  23 

9564991  22 

945218621 

•9342237  20 

»9 

18 

17 

16 

15 

14 

>3 
12 

11 

10 

8 

7 
6 


923J003 

•9130354I 

•9028168 

.89283  3 » 

.8830738 


•87  3  J  290 
.8641 896 

.8550468 
.8460925 
•8373192 


.8287196 
•8202871 
.8120152 

.8038980 

.7959297 
.7881051 
.7804189 
.7728665 
!7<554432 
.7581447 


3 

2 
I 

O 


Secant,  W 


■    Hi 

I 


MIMMBBWi 


Tangents^  and  Secants. 


Degree. 


M 


I 

3 

3 
4 
5 

I 


Sine. 


S.24iSjs3 


^.249033- 


9-99993jS 


^.9999316 


III 
12 

<»3 


S.2^6ovj>4.jp  9999^94 

?.263042h  9«999927i 
4.26988 ic  9.9999247 
S.27e6i3^  ^.9999224 


8-2832434  9.999920c 
8-28fi7734  ;.9999i75 


8-29tS2o6y 
8.302546c 
ic  8.308794* 


1 


8.314953^ 


8.327016^ 
1413.3329243 


9.9999  ISC'" 

9.9999125 
9.9999  lOOl 


9.9999074 


i.l2iQZ6^  9-9999047 


9.9999021 

^.9998994 


8.3387529  9  999896<^ 


16B.3445043 
17S.3501805 

«8(^-3557835 
198.36131 


5C 


20  8.366776^  9.9998824 


a  1 8,372 17  icr9.9998 794 

22  8.377498{i  9.9998764 

23  8.382762c  9.9998734 
248.387962?  9.9998703 
^S  8.3931008  9.9998672 


9.9998939 

9.999891' 
9,9998882 

9.9998853 


.tz6  8.'->98i79i  9.9998341 
+27  8.403 199<?  9^998609 

J28  8.4081614  9-9998577 
298.4130676  9.9998544 
30  84I7919CI9.99985 12 


Sine» 


Tang, 


8.241921$  H.7580785 

|8. 249101 5  11.7508985 
18.1561649^.7438351, 
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8.2699563  I 
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8.35rr2895 

8.3558953 
8.3614297 
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8.3880918 
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11.7037083 
U.6973665 
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11.6849538 
11.6788779 
11.6728857 
11.6669751 
11.6611437 


11.655389c 

fi.6497105 

11.644104/ 

11.63857C3 
11.6331055 

1 1.627708^ 
11.6223775 
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n.611908^ 

11.6087664 


8.3983152       11.601684^ 
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8.4083037  11.591696 


11.586786b 
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i'.7439057^5* 
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0.0001C89  Ka6498f9si2 
0.0001 1 1 S  10.6442 16<  4f 
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o.oooi26tf  ^^'^17^3^^ 
0.0001297  11.6*2057?^"' 
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ib48»57756&  9^999^9A 

1^8^55089^ 
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138,5874694 
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Tang, 
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tl*^  466909 
8,950^68^ 
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^-999^^55^ 
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gt  M^7948i| 
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|q«59io50^  .ii*4o8949i 
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It>«ooo3afoi  H.4i5!io67b^ 
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S^43^84.'p.9pS940l 
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9.99^^^87 
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9^8684; 

9,9988598 
9.998Sipe 


4 
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J8.85 54.034  u«  144596^  .*<iootiui  ^•i457'-^?H 

]?.857i7i3  II-1428287  idooiiaac  aa439507)j 
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1 


8.8iS3a.i3^  9.99^^4^ 

^.^664545  9*99^^^^^ 
8.8081646  9*99B9<35 
^•869868<;  7^to^\ 

^.871564*  P-9?87947 
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^8-86  590$^  11,1,34094^  ,i0.oott6j^  iti3526l4/^ 
8-8676317  ua39368s|ilCLpox.i77J  tia33U5^? 

•1^^11865  A.1318354'4^ 


c^575£7. 
^99874711 


s  8799493  5> .    .. 

38.8816069^9987375 
8.883a58t9-9987a78 
S.8849091  ^.9987181 

S.88654£8  t:998S!4 


8^881 7'43El9986986 
[88891007^.9986888 

8-8914269  9-998679^ 
8.89303Vifc.998669J 

8.8946439  ^986Tgv 


8.8693511  IM30648^.:«^  -v...,, 
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8. 

8.^^a8694li  utiji^ 

8.8?[4tP3''*«»54S97 
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{itMot3708 }  i«  1005678  2t 

,1 o .098983!  2^ 


Sine. 


8^894^43^  ?j998£W 


^9^^55bf  99*6492 
9  S.j897S4i3  ^19986392 

U  *-?9P4a2W  ^99«^«92 
{4  }»9aiQa^H99^6i9 
*^]9986C90 


)6  ^9041685  9199^59^^ 
J7  l96S?35*  9I9985M6 
3S  L9072975  9199*5784 

39  8.9oli9f  35  9499^5682 

40  8^9104039  9i99^*»579 

^  8.9119487  ^♦9985475 
UB«9t  34881  9^99*51372 
(38*9156^19  /^99*5268 
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15  8.9180734  ?^99*5^5S 


^68,^19591 1^998495  3 

I7'8*92ii034  9  9984*4^ 
^^18.9226105  9  99*4742 
49  3.924112^  9  99*4636 
5J  8.91256089  9  9984529 

51  8.9271009  ^499*4422 

^2  8.$a*9866j»k)9843i5 
«  8i930Q478  9|99*4^07 
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6l9344*t 
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,   8^93739* 
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401 
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.^983^3 
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» .> 
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8:9210957    "* " .^^.-^.J-.   ^o--- 

8.9226186 
8.9  2413^^3 


8l52865«L 
8.9301^^ 
8.9316471 


10*0015647  iui8o4o89 
10.(10151^2 1 1*078896^  13 
3.924i3t>3  1110750037    16,00*5258  1I.07/3S95  12 

8.92564*7 '<»f>7435i?    i^<30M364«>o7jW77xi 
8$p27 rs^  1 1407x844^    i9.Q(»i547i  ti.o743!>ti  io 


r  1 14>7«34»9  «o«oor557«  11,0728997  g 

1114^69844*  <o.ooi  569511.07 1 41 34  8 

^_    ^^  I  if.fcd835'29  ijoiooM793tix>699324   7 

8.9331340  ir.>d6866o  io.0015901 1.1/5684561  -^ 

8.93j>6r66  Vi.p&^j&'i'y  |JO£oi|ot<?  jux)669g5P  _^ 

8.^960929  '7x163907^  icKiottf M9 11.665^  1*89  "7 


8.^360929 'n|»63907^  t<>dottf M9 11.065^  1*89 
8.9375^c  Mib62'4:35o  io.ocft 6*rt>  i;i.oi64'2d78 
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8,9854910  P.9979593 
8.9867891.  P  9979470 
^988o834  9'9979347 


3ia»,989J737  9.9979223; 
37  8.9906602  9-9979099 

388.99194299.9978975, 
^9  8.9932217  9^9978850 
108.99449689.9978725 


41  8*9957681  9-997^599 

42  8.9970356  9>f978A73 

43899829949-9978347 
448.99955959-9978220 
45  9*0008160  9*9978093 


4^  9,0020687  9>99  77^66 

47  9,0033  I7p9-9977i38 

48  ^/x>^<634  ?'99777^o 

49  9.0058053  9«9977{82 
5c  90070436  9'9977453 
51^.008^84  9-9977^23 
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Sjg>oi  3^823  P.P976803 

569*0143996  J-9976672 

57901561359^9976540 
>S  9.016S239  9^)976408 
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S.9848991 
3.9^6217; 
3.0875317 
8.9888421 
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8.9927J03 
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8.9966243 

8.997908! 
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11.0137827 
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i  1-0072497 
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10.9969934 
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10,9894539 
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^0-9844979 
9.0T87325  ia9832675 
9*oi79;94  ia9820406 


10.9808169 
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10.0021780 
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iaoo2^2034 
to.0022162 
10-0022290 
10.0021418 
10.0022547 


10.0022677 
10.0022806 
I0i0022936 
io«oo23o67 
10.0023197 


io/X)23328 
10.0023460 
10^002359^ 
10.0023724 
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ii.oi?^427 
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li-oi  191662s 

n.0106263 
11.009339b 
11.00^0571 
11 .006778  j 

11^004231^ 

11.0029644 

ii«ooi7oo6|(7 

11.0004105 

52:9991 84o[i  5 

10,99793,3 

109966821 
io.99543<5^ 
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i£-993g564 

10.99172x6 

10.9904904 
10.9892626 
10.9880384 
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10.9843865 
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09,019234^ 


1 9.0204^4^ 
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3»oi2825^ 
49*024015: 
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2  9,03342i2>9974523 


3  9«034^8is 


9.0216202 


;.9976oi  I 

9*9975877 

A9975743 

9.9975^9 

^9975475 

6]9.Q2^3Wc  ;.9975340 

7|9.oa75^9  9-9975«05 
^9975069 

?.  997493  3 
9-9974797 


[Tang. 


9.0228338  ia977t662 
^.0240441 10^59559 
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9.02^4548 

;.0276552 

^^288524 
9.0300464 


9.997438^3 
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9,0324249 
9^0336093 

p.034790^ 
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10-9723448 


iSecanc. 
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10.969953^ 
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10.9652094  10.002134c 
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9.038047-  9-997397 « 
-03919669.9973833 
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27^.05051949-9972423 
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I  /  *  Sine,  I 


9.0532771 
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ffO.0024199 
10.002425; 
10*0024391 


10^0024525  10^9747973 
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1O1O024931 
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55 
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,0858945  ^.9967^07 


M.0879473  9.9967196 
r  90889  7.00  9.996704c 

4  9«o8999^3  9.9966884 

5  9.09  tooS^  9.9966727 


6  9.9920297  9.9966570 

7^.0930367  9.9966412 

•09404749.9966254 

09505569.9966096 

9606159.9965937 


1 1I9  0970651  9.9965778 

12  9.0980662  9.9965619 

13  9.C99065 19.9965459 
*4  9.10006169.99^5299 
'5  9. tot 05 $819.9965 1 3M 

?.IOto477  9«9964977i 


fang, 

?£99Ua^ 

9.0901869 
9«CQ  1 2277 
9.092266c 

9.093  }02C 

9.0943355 


r*s 


9.0953667 
9.0963955 
9.0974*19 
9.098446c 
9-0994678 


»6  9»ioto477|9«9964977 
*2  9«t030373  9.9964816 
189.10402469.99^46551 
'9  9.1050096  9.9964493! 

i?  9.^059924  p.99643-30 

?i  9.1069729  9*99^4167 
^3  9.1079512  9*9964004 
2B  9,108^272  9.9969^1 
?4  9.1099010  9.9963677 
259.140872699963513 


.^^  9.1  ii842o)9.9963348 
^79.11280919.9963183] 
^*  9.1137742  9.9963018 
-^9  9.1 147370  9.99.6^852 
jQ&.  11 5697  7  9.99^2686 

r    1  Sine.  I 


9.1004872 
9.1015044 
9.1025192 
9.1035317 
9.104542c 

9.1055500 
9.1065557 

9.107559, 

9.1085604 

9a  095  594 

9.1105562 
9.111550S 
9.ii2;43i 

9.M35335 

»ii45ai3 

9-1155072 

9^1164909 

9.1174724 
9.1184518 

9.1194991 


0.9108562 


0.9098131 

a9o87723 

0.9077340 
a9o6698o 

09056645 

0.9046333 
0.9036045 

0.9025781 

0-9015540 
0.9005321 


0.8995128 
0*8984956 
0.8974808 
0*8964683 
0.8954510 

^•8944500 
0.8934443 

0.8924409 
6.8914396 
0.89O44Q,( 


aH89443b 
0.8884492 
0,8874569 
0.8864667 
0.8854787 

0.8S44928 
0.8835091 
0.8825276 
0.8815482 

r  0,8805709 
Tang- 


SecancJ 


[5^3*493r^?9l4ioS2fc 


0.003  264811 0.9 1 3077^ 
o.oo328o4|io»9i  ao5S7|^ 


0.00329611 
006331  it 
0.0033273 


0.003343c 
0.0033588 
0-0033746 
0.0033904 
oux>34o6 


0.<X>34222 

0.0034381 

0-0034541 

0.0034701 
0.0034862 


OJ0035023 

0.0035184 

0,0035345 


0.0035833 

000 

0.0036^59 

0.0036323 

00036487 

0.0J3665 


10.9110] 
10.9K 

10.9089911 


lO. 


9079763  54 
09069633  53 


10.9059526 


10.904944451 


1090393^^ 


|2 


50 


10.9029349 
IO.9OI9J 
1090093 
10.89993 
10898944a  4^ 


108979523  44 
1089696^  43 
1089597^42 

,.-,  '0J9499O44 

00035670  100940076  41 

35833  108930271  3c 

9599^10.8920488  38 

108910728  37 

10.8900990  36 

Lqj^9««74l35 

io.8$)ii58 

10887190 

10886225 
10,88526^ 

10884302 


0.0036817 
0.0036982 

0003714^ 
0.0037314 


Sccand 


^uDeffees. 


Tangents  J  and  Stctrnts. 


M 


Sine. 


}o^i  1^6977 

329.1176125 
339.1185667 
349.ii95iSB 
359.1204638 


9-9962680 


B69.i2i4i67  9*996i6tt 


379.132)624 
389«i23)C>6i 

399.1242477 
4X39-1251872 


9.9962519 

9.996235Z 
9.99621 8  c 
9.996201 } 
9  9y6 1 ^4V 


(^19.1261246 
429*1270600 

439.1279954 
449*1289247 
45  9^1298 119 


4«9*' 307811 
4yo.i3i7o64 
489-1?  26297 

499»»5S09 
509^1344702 


\ 


l5i9-*35287 
52b- » 36302 

539.1372161 
549.138127^ 

559-^90370 

$'69.1399445 
579.1408501 

589-1417537 
599.14  655^ 
6dl9-U35553 


9.9961512 
9.996134: 

9.996117^ 
9- 996  ic  04 

9.9960  8  3v 
9996066; 
9.9960492 
9.9960321 
99960149 

W5y977 
9.9959804 

^995963* 

9-995945 
9.9959284 

99959111 

9.99  5  89  3^ 

^9958761 
9.995858^ 

9.9958411 


6C9 


9.9958235 

999580S9 

9.995788 

9.995770, 

^.99575^- 

5inc. 


7   Degrees. 


9.1  i9429i|«oIS8^709 


9-1204045 
9*121 3773 

|9.»2234S2 

.9-1233171 
9*1242839 


9.1252486 

9.1262112 
9.1271718 


iO*H795957 
CO.8786227 
10.8776518 
10.8766S29 
io*8757i6i 


Secant. 


10.8747514 
10.8737888 

ia8728282 


9. 1281303I10.8718697 


9.1290868 


9- 1^00413 

9-i3e9937 
9.1319442 
9*1328926 

9.133839' 

9.«347835 
9.1357260 

9.1366665 

9.1376051 

9.1385417 


9.»3947C)4 
9.1404092 


108709132 

10,8699587 
10-8690063 
IO.S680558 

10-8671074 
io.866itf09 


10.0037314 

10.0037481 

10.0037648 
10.0037815 
10.0037983 
10.0038151 


10*0038319 
10.0038488 
IO.OO38657 
10.0038826 

10.003899^ 


^10.0039337 


10.6843023 

10.8833478 
10.8823875 

10.881433:5 
10.8804812 
108795312 

fO.8785833 

»o>8776i76 
10.8766939 
108757,^3 

10.8748128 


io.oo}9i66  10.8738754  19 


108652165 
10.8642740 
10.8633335 
10,8623949 
10.8614583 

10.860^236 
10.8595908 


9.1413400110.8586600 


9 1422689 
9»i43»9')9 


9.144121c 

9.145044'- 
9.145965^ 
9*1468851 
9.1478025 


108577311 
10.8568041 


108558790 
10-8549558 

10-8540145 
10*853 1 150 

10*8521975 


Tang^ 

82  'Degrees, 


10.^7294^0 


?5I 

29 

2S 

27 
26 

25 

i4 
23 

22 
21 

20 


_  ,18 

10.0039508  10.872006^  17 

110.0039679  1087 1075  3|i  6 
,100039851  108701461 15 

[10.0040023  10.8692188 
10.0040196  10.8682936 
10.0040369 10  8673703 
10.004054^  10.8664491 
100040716  10.8655298 


14 

"3 
1^ 
u 

10 


110.0040889  108646125 

AO.OO4IO64  10-8636972 

100041139  (O8627839 

IOOO4I4I4  10.8618725 

10/^041589  108609630 

10.004176^ 

10.0041941 
IOOO42II8 

10.0042295 

100042472 


10.8600555 
10-8591499 

10*8582463 

"C-8J73445 
108564447! 

Secant  JmI 


y 


1 


A  Tdhk  (ff  Jrtifkiai  Sines, 


8  J)fgreey, 


'^ 


1  Sine. 


9.1444532 


;•»  4^5 1493 
^.1462435 


J.  >•  1 480262 


9-9957172 
9.995^993 


9.147135^9-9956815 


9 

ir 

11 
12 


IpM  49801^ 

^.1506864 

9.1 5 15^594 
^■1524507 

;.»53330i 
^.1 54207c 


9>99'y^?5 

9.595645^ 
9995^276 

9.995^95] 

9.9955915 
9-9955734 


Tang. 

9.1478025. 

9.1487182 

9*<49^pi 
9-1505441 

9'MU543. 
9.1  $2^627 


I  (Secant. 


9.1532692 

^.1541739^ 
?.  1^50769 


1 3jp.  1550834 

'•^  9-»559574 «   ,   ^  -  -, 

«5  ^- 15682^6  9^99448^  «9''P^3473 


16  J.157700C 
«7  9.1585686 

'^  'SJ594354 
'9|;.  1 603005 


9-9955552 
9>995537C_  .  . 
9,9955188  bi 595646 
9.9955005  b- 1604569 


10.8521975 
10.S512818 
10.8503679J 
10.84945  55i 
10.8485457 

ia847637^ 


10.8467308 
10.8458261 
10.8449231 


,^ L 

1  ajoo4J247i|iCf.^4d44476d 


I0w004265c|t  0^8555468  5y 
io.oo4282dioJ8546507  5) 
10.0043007I10.85  37565  57 
lo<oo43i84io.852S6425^ 
10-004336310.3519738^^ 


9*1559780 10.8440220 
>i  568773 10.843 1 227 

9.I57774'8  10.8422252 
9.158670(510.8413294 


9.9954639 

9.9954455 

9-995487 1 

1919.1603005  9-9954087 

^  l^ji£n63gl9.99539Q2l 

"  9.16202549.9953717 
259.16288539.9953531 
23  9WI637434  9-9953345 
2^  9.164599s  9-9953159 
2*  9  165454^9995^72 


'I 


26  9  1663OT/J  9.99^2785 
,9. 1 67 15  W  9.9952597 

9,16800819^952409 

.i688559l9-995222i 


9.1622361 
9>i63i23; 

9.1640083 
9.164^919 

9.1657737 


iaS404354J 
ioF.«39543i) 
10.83816^271  10,004517 


10.8377639 
tD.8368769 

io.«3599i7 
10.8351081 
10.8342263 


9-1666538 
I9.1675322 


r  |9, 1697021: 


Sine. 


]9.i684o89 
9,1692839 

9.170157^ 

9II710259 

9.^718989 

9.1727672 

9.173633* 
9.17449RS 


810.83334621  [10  OOL 

i|io.8 324*78}  lo-oa 


»o.oo4354Jio.85iof852s. 
0.00437a  Jro.850i935  5; 

0.004390410.84931365] 
0.004408110.848430651 
0C0442MfQ^8475493'5c 

0.004444  J  t  C3k.84566^  4j 

10.004463  Jia84$79244^ 
10.00448 1  #10.8449x66  47 
10.004499  ftow8440426  4^ 

i7C4y 

iaoo4536  4&o>S4S3qog£ 
10.0045541  I0.84143U4) 
10.0045729  [0,840564^42 
10.004591}  *Ob85p6995[4^ 
■010046091  loBfWySiSiq 

o  0046283  icZSgTjJSJj' 


10.8)1591 

10.8307161] 
10.82984*1 


10.828971  ij 

10,8281011! 

10.8272321 

10,826366: 

10.825501 


040046469  10.897114; 
iaoo46655  io.1^2|i 
10.0046841  10,83 

>Q'^3«4! 
10.004721^  1C1JB3369J 
iOkQQ474cq  10JS3384] 

iaQ04759dta8  349911 
iaoQ4777dfo.8^i44i 
»Oi00479W<>^80«974 


tg^iei 


•*' 


^ 


A  Table  of  Arltfkial  Sines ^ 


9  T)egrees. 


N^j  Sine  J |lZ?"Sl 

o^i943?34b-9946i99   9»>997>25 


1 

7 

3 

4 

_5 

6 

7 
8 

9 
;c 

i 

2 

3 
4 

6 

7 
8 

'9 

2c 

iT 

22 

2^ 


9.195924: 


y.i95i293l^9y4*)y9i^ 


;.i967i8'^g-9945S97 


P-994579^ 


•«975n^' 

9.199091: 
^.199879$ 
9.20066  5  f 

9.20i4.^oc 
9.202234 

9.20331O} 
9.203797c 

9:20457^^ 

9.20s  3545 
9.2061309 

9.206905$ 
9.207679  c 

9,20845 1  e 
9.2092224 

9.20999 » 7 

9.2I07J97 
9.21 1 5263 

9«2IZ29I4 

9.2130555 

9.1 1 38176 
26J9.2!45787 

27  9ii533'84 

289.2160967 
29  9»2l6S5jf 
309,1176092 


^•994539^' 
^.99^  5  ^M 

^994499 

;.99447^9 
^.9944587 

^9944383 

:.9944iHo 


9.  i997i25;ia8oo78/5 

.9.2005294110.7994706 
;9,2Oi3449«0.798655f 
9.202158^110.7978412 
9.202971440.7970286 
9.20378'25!io.7962]75 


;-9943975 
V.994377> 
^.9943566 

P.99433<5» 
J.9943156 


^994l91o 

^•994^743 
P.994^537 
;.994233o 

^.9942 122 


;.994I9I4 
9.9941706 
?-994U98 
;.994r289 
^994I079 


5.99408  7c 
9.9940659 

9.9940449 
9.9940238 
9^9940027 


Sine. 


9.2045922110.7954078 
9.2054004J10.7945996 
9.106207210,7937928 

9.2070  f26!io*7929874 
9.2078165*10.7921835 


Secant 


ioux)5^Soi 


it  0.005400 1 
I0.C054202 
10.0054403 
io<x)545o4 
I0i00548o6 


9.2086191J10.7913809 
9. 2094203:10.7905797 
9.2io220o!^o.78978cd 
9.21 101S4 10.7889816 
9.21  i8i5^io»788i847 

io.7b73«9i 
10*7865949 
107858020 
io«7850io6 
107842205 


9  2126109 

9*2 1 3405 1 
9.2141980 
9.2149894 

,9-2i  57795 


9.2I65683 
9*2173556 
9.218 1417 

9.2189264 
9.2197097 


9.2204917 

9*22 1 2724 


9.2228298 
9^1236065 


10.7834317 

ia7826444 
fo.7818583 


la  7702903 


10.7795083 
10.7787276 


9.222051810.7779482 


10.777170Z 
fa77^3935 


i 


io-505667^6f 

10.804B707I5C 
io.8o4075^5S 

io.Soj28i2^7 

la  8024890  <e 
EO.Sof699r^c 


ic.oo55ool>  10.80090874^^ 
10005521 J  10.8001207^3 
10.0055415  10.799394351 
10.0055617  10.7985491  y 
ro»oo5  5  8  20  1  o.7977^  ^^jo 

ia.0056025  10.796982^ 
10.005622^  10.796202^^ 
ro.0056434  10^954234*47 
10.0056639  10.7946455  4f 

10.0056844  10^7958691 4«; 

10,0057050  10.793094144 

10.005725710.792320545 

10.0057463  10.791548^ 
100057670  10.790777^41 
10.0057878  10.7900083  40 

10.0058086 10,7892403^ 


I0.0058294 
10.0058502 


107810736.  iado587ii 


TangJ 

m 

80  'Deff'ees, 


10.0058921 

ic.0059130 
iaoo59J4i 
10*0059551 
10005976a 
10^005  9973 


10.7884737  3S 
10.787708^  37 

10,78694^8  jf 
10.78618243  c 

10.785421334 
10.784^'^  33 

10.7839033  a 

10,78314^  3« 
ip.782??2!  3- 


Recant.  W 


TangentSy  and  Secants^ 


M 


31 


Sine. 


329«2i9ii64 


9.2198680  9-993939' 


5^  -      o 

349.2206182 

i5  9.2213671 


369.2221147 
379.2228609 
3S  9.2236059 

39  9.2243495 

409*^25091^ 

41  9*2258328 

42  9-2»^57i5 


43 


449.2280481 


9-9937679 
9>9937463 

9.22731 10  9-9937«47 


459.^2878399.9936813 


46l9.2295i859>9936596 
47  9.*3o25 18  99936378 


40  ?.2309838 
49  9'i3l7i45 


5c  9.2  3  2444o|^'993  5723 
51 9-233  472s 
5219.2338992 

53 


9.99355^4 

9.99352^5 

9.23462499-9935065 

54  9.235  3494  9*9934844 

55  9^236072^  y.9934624 


56  9,2367946  9«9934403 


579  2J75«53 

589.2382349 
599*2389532 

60  9.2396702 


9.9939815 
9.9939603 


P.9939X78 

9.9938965 


99938752 

9.993853^ 
9.993S324 

99938109 

9-9937894 


9.993703c 


9.993616c 
P-993594^ 


9  Degrees. 

Tang 


9. 223606  •., 

y.224381^ 
9.2251561 

9.2259289 
9.2267004 
9.227470^ 


9.2282395 
9.2290071 
9.2297735 
9.230538c 
9.2313024 


9.232065c 
9.S328262 
9.2335863 

9.2343451 
9.2351026 


9.2358589 
9.2366139 

9.237367b 

9.2381203 

92388747 


0-7763935 

io,7756r8i 
10,7748439 
10.7740711 
10.7732996 
10.7725294 

10.7717605 
10.7709929 
^0.7702265 
10.7694614 
10.7686976 


10.7679350 
1 0.767 1 7  38 
10.7664137 
10.7656549 

10.7648974 


9,2403708 
9.S411185 
9.2418650 


9.9934181 

9.0933959 
9-9933737 
y-9933515 

Sine.  I 


10.7641411 
^0.7633861 

ia7626322 
10.7618797 
10.7611283 

9,2396218110,7603782 


•0,759629 

10.7588815 

107581350 


9-2433543 
9,2440972 
9.2448389 

9.2455794 
I9.2463188 


9.24261031107573897 

10.7566457 
10.7559028 

10.75516111 

10.7544106 

10.7536812 


Secant) 


OOOS9973 


0.0060185 

0.0060397 
o>co6o6o9 
0.0060822 
0.0061035 


0.0061243 
0.0061462 
0.0061676 

0.0061891 
0.0062106 


0.0062321 
0.0062537 

0.0062753 
0.0062970 

00063187 


00063404 
0.0063622 
0-0063840 
0.0064058 
0.0064277 

0.0064496 
0.0064715 
0.0064995 

00065156 
0.0065376 


0.0065597 
0.0065819 
0.0066041 
0.0066263 
0.006648 


0.7823908 


0.7816365 

0.7808836 
0.780132c 
0.779381^ 
0.7786329 


0.7778*^3 

0.777139 » 
0.7763941 

0.7756505 

0.77490S2 


0.774*672 
0-7734275 
0.772689c 
0.7719519 

0.7712161 


07704815 
0.76974R4 
0.7690162 
o.>68a855 
0.7675560 


0.7668278 
0.7661008 
0-7653751 

0.7646566 
0.7639274 

0.7632054 
0.7624847 
0,7617651 
0.7610468 
ro76o3298 


Secant,  m' 


*9 

i8 

27 

16 

25 

24 

*3 
22 

2f 

20 

8 


5 

t 

I 

o 

9 
8 

7 

6 

"4 

3 
1 
I 


i^, 


80  Degrees. 
— S "^ 


4 


A  Tahle  of  Artificial  Sines ^ 


lo  Degrees. 


0^0396705 
9.2403861 

9.241  KCO/ 

9^.5418141 

4'9.242526<: 
^  9*243^37^ 


P.99335I") 


; 9933292 
;.9933o68 

;.993284^ 
^•9932621 

^.9932396 

<5|9*243947ib-993«i7i 
79.244655np.993i946 

89.245363^|P^93»72o| 


Tang, 


9.246)188 


99.2460695 

io|9.246774( 


11 
12 

J3 


9.2481811 

9.248S827 


^•993M94 
9.9931268 


J 

10.7^36812 


Secaac 


P.2470S69 10.7529431 
p.2477939 10*7522061 
9.2485297 10.75H703 
p.2492643 10.7507357 
9.2499978 10:7500022 


9.2474784  9.9931041 


>.25073oi 
9.25 14^12 

?.?52I912 

9«2529aoo 
9J53647? 

P.2543743 


10.006649^ 


iaoo667oS 
1010066932 
i(Soo67-i5'^ 
ic.oo6737<, 
1 0.0067  604 


9.993^^8 14  I9.2 5  50997       

9.9930587  I9.255&240  10.7441760 


10.749269 
0.748538 
io»7478o8 
10.747080c 
T0.746352 

10.7456257 
10.7449003 


■14,9.249583019.9930359  b.2565472lio.74345iS 


1 5  9>2  5028  2  vl  y.9930 1 3 1 

16(9*2509803  9.99299C2 

17^.2516772^9929673 
18^.2523729  9-9929444 
^919.2530675  ^.9929214 
2ob»25376:9  9-99289*4 


21 9*254453»  99928753 

220.25514449-9928522 

23  9*255*344  9  9928291 

24  9*2565233  9*9928059 
2,5  9^2572^  >Q  9*9927827 

769.25789779*9927595 

27  9.2585832  9.9927362 

28  9.2592676  9.99271 29 
299"2599509J9»992tf895 

30  9.26o633g9-??«^^ 


Sine.. 


P.2572692I 

^.2579901 

9.2587099 
9.2594285 
9.2601461 
9,2608625 


.742308 


10.0067829 
10.0068054 
10.006828c 
10.0068506 
10*00687^2 

10^0068959 


ia7605«9t 

10-759613 
10.758S99 

10.75S185 

10*757473^ 
iou756762i>5s 


10^7420099 
10^7412901 

io^74057»5 
10.7398539 
t,Q'73/i^75 
10^7384221 
ia7377079 

0*73^947, 
(0.73628^7 


9.2615779 
9.2622921 
9.2630053 

9-2637173]     _ 
9j2644283|to^557i7 

9-2651382 

9.265847c 

9.2665^47 
9.2672613 

9.2679669 


10.734861? 

10*7341530 

1 0.73344s  3 
«o.7327387 

10.7320331 


10.75605  28j54 

10-7553442 n 
10.7546368.5  i 
10.7539305*1^1 

a753225d|o 


10.752J216J49 
10.751818^4^ 

ia75iii737^7 


10^006918^ 

10.0069413  ia75iii73|4 

16.O069641  t0b75O4i^i 

lo,749Zi7! 


10*607009^  10.740019 


10.0070327 
16.00705  J6 
10.007078c 
10-007101^ 


rtMlM» 


10.0071247 


10.007  170s 
10.0371941 


IO.T48322I 
10.7476271 
1^7469325] 

to.746«39i 


«o.745  546^39 


10.^7147^10.744855 
10.744165- 

10743476: 
10.007  217311 0*7427 


10.0072405       IOW742IO23I94 


Tang. , 

79  Degrees. 


10*007263^ 
10*0072871 
10. 0*73105 

ro.oo733jt^ 


iai4<4i68|33 
10.7407324P2 

10.7400491)31 
H>r739367a?c 


Secaau^ 


i 


Tai^entSy  and  Secants. 


lo  Degrees. 


M  Sine. 


„p.aa  19941 
}j  9.4636729 

j4?-i633W 
,t  J.2640374 


jfi  ?.2(S4703( 
97 '-'65377$ 

3S  p-366o^09 

js  9.3667332 

4c  g-a673945 


p.36otf330 


9.993666: 

^■9926437 
9-9926193 

9.9935486 


I  j.363o647 
42S.Jfi87J38 
4j  ).3694oi9 

44  ?.37oo689 

45  j-27073tf 


*«  ?.a7iJ5>97 
47  P.a730635 
1.8  ?.i7a7a63  9' 
ti  9.a73388o  " 


"1  9.27^7081 

r5s.37S 


i4  9.57668 
>s  3.27733^ 

■,6  S.37797*' 
i7P.i78«44? 
iS  9.2791970 
19  9,*79948jj 
k  ^.380598' 


9.952^8(0 
9-P9asoi3 
9.??  24770 
9-9»2453p 

»992430' 
9,9924063 
p.9923824 
9.9923,8^ 
9,9923346 

9 992 ^ I 06 
9.9932866 
9.9922636 
,9933385 
9.9923144 

Jigoa 


.9921660 
12141" 


2760245  9f992i  175 


9.99205.32 
919920689 

(C99  30*45 
9,  {^30  301 

MPip7ii 
9.9»  19466 

Sine. 


9;2  679^69 


9,26937+9 
9.37T0771 
9.270711(6 

?^27i478S 


9-2731 7t< 
9.2738763 
9'3735733 
9-2742694 
9.3»74964. 


9.37J6584 

9.X7635 

9.3770434 

9-277734.3 

9.3784342 


9-285  9  46( 
9.2866345 
9.3873014 
?.«879773 
g.28865a3 


J-7i"'33' 


o.73i328e 
0.7306251 
0,729922s 
0.7Z93314 
0.7285111 
o.7a7ia2< 
10.727123(1 
0.7  s  64267 
0.725731,6 
^^50356 


,  .a4H"* 

.0.7236486 
0.72J9566 
10.7222657 

;o.72ii7jS 


:  0.720886$ 
;  0.7301991 
:Ob7i95i23 
0.7188264 
0.7181415 


0.7  <  74577 
a?  167749 
.a7i6o93< 
10.715411a 
10.71473*3 


10.7140534 
0.713375^ 
.7126986 
0.7190227 
^7>»3477 


Secant. 


10.-XJ73339 


10.0074987 
to.0075324 
IOJ3075461 
10.007569;  10.7316055 


79  Dtfftes. 

"Err 


Secanc.M 


A  Table  of  Artificial  Sines^ 


II  Degrees. 


MJ  Sine. 

09,2805988 


1 9,2^12483 
29.2818967 
39.2825441 
4(9.2831905 
9,2838359 


9 
10 

II 
12 

»3 


9  991946c 


69.2844803 
79.2S51237 
9.2857661 
9.2864076 
9.287048c 

9.2876875 
9.288326c 
9.28^9636 
14I9.2S96001 
1519^2902357 

16 

17 
18 


9991922c 
9.9918974 

9.991872/ 
9*991848: 
y'99'823: 

9.99'79^6 
?'99i7737 
9^99 1 7489 

9.991724^ 

9.9916991 


9.2908704 
9.29 1 504^1 
9.2921367 

199.2927685 
209-2933993 

2 1  9*294029 1 
22^.2946580 


23 

24 
25 


9.295285 

9.2959129 
9.296539c 


*6i?.297i64i 
27&.2977883 
28&.2984iie 

29^-299033$ 
30^9.2996555 


9-99i<574i 
9.9916492 

9%99i624i 

9.991599c 

;-99M73$ 


9.99 1 548  i 
9«99M23t 
9.9914984 

;.99i473» 
9.y9i4478 


p.9914225 
9.9913971 

9.99«37»7 
9.9913465 

9>99»320/ 

9.9912952 
9.9912696 

A99 1244c 
9*99 1 21 84 
p.99ii9«7 


Sine. 


Tang, 


9.2886523 


9.289326; 
9.2899995 
y.2906715 
9.2913424 
9.292012^ 

9.2926817 
9.293350c 
9.794017: 
9,294683  c 
9.295348$! 

I9.2960134 

9.296676^ 

9-2973395 
9.2980011 

9.298  66 1 8 

[9.2993216 
9.2999804 
9,3006383 
9.3012954 
93019514 


9.3026066 
9.303^2609 

19-3039143 
9.3045<567 

9>  305  2 183 

9-3058689 
9.3065187 
9.3071675 
9.3078/55 

9.3084626 


^-7iJ3477 

0.7106737 
0.7ICXXJ07 
0.7093287 
0.7086576 
0.7079874 


0.7073183 
0.7066500 
0,705982b 
0.7053164 
0.704^511 


Secant. 


0.7039866 
0.7033231 
0.7026605 
0.7019989 
0.7013382 

0.7006784 
0,7000196 
0.6993617 
0.6987046 
0.6980486 

0^6973*934 
0*6967391 

0.6960^57 

0.695433J 
0.69478/7 

0.6941311 

0,6934813 
0.6928325 
0.6921845 
0.6915374 


Tang. 

78  Degrees^ 


0.0080534 


o.cx>8o78 
0.0081026 
0.0081273 
o%oo8i52c 

0.0081767 

O.CX>820I4 

0.0082263 

0.0082511 

o.cx)8276i 

10.0083009 

0.008325$ 
0,008350b 
0.C083759 
0.00840 1( 
00084161 

0.0084512 
o^cx>84764 
0.0085  one 
aoo8526, 
0.OC785521 


0008577c 
0.008602$ 
0.0086283 
0.038653^ 
o.cx)86793 


0.008704^ 
0*008730^ 

0-0087816 
0008807: 


0.719401263 

0.7187517^ 

0^7*8103551 

o-?' 74559  57 

0.716809556 
0716164115^ 

<^-7«55»97?4 
0-71487635^ 

o-7U^3595^ 

o*7'359245i 
Q-7'2952(Jc 


o.7i23i25'4^ 
0.7116740L5 
a7 1 10364^47 
0.710399946 
0.70976434s 

0-709 1296I44 

0.7084960/45 
0.7078633^42 

0.70723 1 5U1 
0.7066007(40 

0.7O597G9J3? 
0-705342038 

o.7047«4i  37 
iO.  7040871 36 

0.703461035 

0*7018359 
a7022ii7, 
0.701  S&84  J 
0.70096613 
0.7003447(30 

Secant 


34 

33 
2 

1 


Tangents  J  and  Secants. 


If 


Degrees. 


M 


Sine.  I 


90^9^29965^3  9-99^9^7 
319.3002758 


32'9-30o895? 
339.3015140 
349.J021917 
3^9^3027485 

3*6  9-303  3644 
379-3039794 

3S9.3045934 

399.3052066 
409.3058189 


419.3064303 

429.3070407 
439.3076503 

449.308259c 
459.3088668 


459.3094737 
479.3100798 

489-3>o6849 

499.3112892 

^0  9'3 1 18926 


51 9.31249s' 
529.JI3096& 

539.3«3697^ 
549-3142975 
5^9.31489^5 

5^6  9.3154947 
579*316092) 
589'3i^6885 
599.317^841 

609*3178789 


9.991167c 
^.9911412 

,9.9911 » 54 
9.9910896 

99910637 

9.991^37^ 
9.99101 1 9 

9.99'>93s9 
9.990959b 

9  99^933^ 

9.9909077 

99908815 

9-9908553 

9.990829 

9  9908029 

9I9907766 
9.99^37502 
^.9907239 
9.9906974 
9.9906710 

9  9906445 
9.9906180 

9.9965914 

9.9905648 
9.9905382I 


I 


9.9905 1 1 
9  990484 
9.9904580 
9.9904312* 

9.9904044! 

Sine. 


^3084626 

p.309io5s 

9.3-97541 
9.3103985 

9.3 » 1042! 

;3"6848 

^3123266 
;.3 129675 


A3 142468 
^3r488<;i 


Secant, 


10.6915374 

^0.69089 12 
10.690245.9 
10.6896015! 
10.6889579^ 
10.6883152I 

.0:68767341 

^   ^-,  ia.6870325' 

9.3136)7^10.6863924' 

-  io.6Sj7532| 
106851149 

10,6844774 
10.6838408 
10-6832050 
10.6S25701 
10.6819360 


9'3i55226 

?.3t6i592 
P.3 16795c 

;.3 174299 

9.318^640 

9.3186972 

9.3  «9  J  295 
9.319961 1 
9.3205918 
9.3212216 

9.3218^ 
9.3224788 
9-3231061 

9*3237327 
Pi3  243584 

^32498^ 


10.6813028 
10.6806705' 
10.^800389 
10.6794082 
10.6787784 


10.6781494 
40.6775212 
IO.676S939 
10.6762673 
10.6756416 

10*67501^^ 


;i3256o73  io.674}927 
9.3262365  10*6737^95 
93268529  io"673t47i 
9'3»74745  10-6725255 


:9io-673«47i 
5  10*672525^ 

1  Tang* 

78  Degrees. 


0.00S807  3 


o.oob5  33c 

0.C08858S 
0.0088846 

0.C0S9104 
0.008936  i 


o''Qo8962i 
0.0089881 
0.0090 1 4  i 
0.009^402 
0.0090662 

0.0090923 

0.OC9118S 
0.0091447 

0.009170, 
aoo9i97i 


0.0092234 
0*0092498 
0.0092761 
0*0093026 
10.0093290 

0.0093755 


i 


10.7003447  30 

10.6997^42  ^^ 
10.6991047  ^^ 
ro.6984860  27 
io.6y78683  26 
40697251525 

10,6966356  24 
10,6960206  7  3 
10.6954066  2? 
10.694793421 
1J5.6941611  20 

10.6975697x9 
1 0.69295  9  3' 18 

«o.6923497  17 

10.691741016 

^g^pii332'i5 

10.6905263  14 
10.6899202*13 

10.689315  i}i2 
10.6887108s  1 

10.688  io74'io 


9i 

S 


,^0.6^75049 

0.0093820 10  6869032 
0^0094086  10.6863024 
00094352  10.6857025 
0.0094618  10.6851035 

0.0094885  10.6845071 
0.0095152  10*6139079 
0.0095420  iO.6833115 
0*0095688  10.6827159 

0.0095956  10.68212IJ 

Secant.  1m| 


I 


A  Table  of  Artificial  SineSy 


12  T)egreej. 


v:|  Sine. 


4 


^.?»787«s 


;.  9904044 


^.34^472M^99"377 


J.3196581 
^.320249'. 


Tang. 


9-3^74745 


If. 

11 
•12 

19 

I 
if 

19 

2c 


9.3214-297 

9*3220186 

19,3226066 

9  ^32^193^ 

;^?78oi 

?-3243<^57 
;.3n95C5 
v.3*55344 

?.326ii74 
9^^^66997 

9.3272811 

719,3278617 

9.328441^ 


9.9903237 
9.99029^^7 

A990269: 

9.9602426 
9.99^21^5 
9.9901883 
9.99016 12 

9>990t31^ 
9.990106: 
9,9900794 
9.9900521 
9.9900247 
9.9899973 


9.328oy53 
9.3287153 

9?293345 
93299528 

9.3305704 

93311872 
9.33*8031 


10.6725255 

10.6719047 
10,6712847 
10.670665* 
io.6700472 
10.669429^ 

10.6688 12£ 

to.668i96s 


9.3324i83|K>.€6758f7 


9.9899698 

9.9899423 
.989^148 

9.329020619*9^98873 
9.^29598819.989^97 


21 

22 

23 

24 

25 

26 

27 
28 


9.33017619-9898920 
9,3307517  9.989804? 
9.3313285  9'989776^ 

9-3  3 1 903^9-9897489 
9.^32477799897211 


9.33305119-989^32 
9.33362379.9^9^^54 

9.3341955  >>-9M374 

299.33476659-9896095 

9,3353368  9j£89lii5 


9.3330327 
9-3336469 


9.3342591 

9.334871 » 
93354823 
9-3360927 
9*3367024 


10.6669673 
10*6663537 


5ecanc 


io.oo9^95C 


10.665740$ 
f  0.665 1289 
10.6645177 
10.6639073 
10*663297^ 

9.3373113  10.6626887 
9>3379i94  ro.66xD8o( 
9*3385267|ia66 14733 

9.339133? 
9.339739* 


10.009622$ 

10.0096494 
100096^6^ 
100097033 
10009730 


ic 


i^a 


ltli|6j 


io,6«i5272;^.o 

10.6809341V 
10.680341957! 
10.6797505S5 
50^6791600^5 


10.6608667 
10.6602609 


9.340^44110.659655 
9.1409484 10.659051 

|9.34i55»9rO'658448i 

9*3421546  10.657845 

9.3427566110.657243 


.0.0097574  10.67857035^ 
100097845  10^77981453 
10.0098117  iO,6773934'5i 

to.oov838dia6768c62*5 1 
1  o  009866  i|go«6762  ig%  50 

To.oo98933|io.6756343'ry 
10.009920^10.^7504954: 

10009947^  10.674465647 
10.0099753  10^798826^45 
10.0100027  10.67^300345 


10.0100302 
LOOI00577 


9*3433578  10.656642 
9.3439583  10/5560417 
9.344558010^554420 

9.345  »57<s  10^548430 
9*3457552  106542448 


10^727189' 

io.67ai  383)4 
iou>ioo852lio«67i5584!43 

iaoioii27liow67Q9794Ui 
iooiOi403|io  67Q4012H3 

Oi^l698239:y 
iOOioi957lio  6699473^ 
iaoio2234|io.66867i5 1' 
1001025 1 1110.6680965  y 

iOdOxo278$|coj6675a23  Z^ 


i  Tang.  1 1 

7  7  'Degrees. 


tOw010306^lO.< 

100103346110.666176: 
100103  626ltow665^a4^ 
10.010^905110.665233^ 
1 001041851 1^664663^ 


\4 


;2 


Secanr. 


—i 


Tangents,  and  Secants. 


•^-m- 


1 2  Degrees. 


M 


Sc  9.33531^ 
ii?T335gc62 

12  J.33^474P 
9.3370428 

3376099I9 
9.33^*7^- 


97 
39 

♦I 

42 


Sine* 


34 

36|9*33874ii» 
3393065 
9.339870^^^9893  5<=>2 

9.340433^ 
9-34299^ 

9.341558^ 
9.3431  «9«^ 
43^*34^792 
•343  2  ?» 
I9-34379731? 


344355  a 
^7i9«3449»24  9 
4S  9-3454^88 

49  9-34^«45 

50  9*34^5794 

5*1  9>347i33<^ 

^2  9  347687c 

53  9-3482397 
549.3487917 
55  2^493122 


56  9*349^934 

575^350443219 

589-3509922 

59935*5405 

6o9'3 


9.9895815 

9*9895535 
9-9895254 

9.9894973 

98944^92 

9.9894410 


^9894128 

9-9893845 
9-9893562 

9-9893  27v 

.9893995 


9.9892711 

9"989*4?7 

A9892U2 

61^9891856 

9891^71 


^9891284 
.9890998 

9i989«'^7»i 
9.9893424 

9-9890' 37 
9.9889849 
^9889560 
99889271 
9.988898^ 
9-9^8693 


9.988^03 

•988811^ 

9.9887822 

'     ««    9-9887531 
^oMcff»9M7ft^ 


Sine* 


Tang. 


^'•3457552 


9  3463527 

9.3469494 

9-3475454 
,9-3481407 
9-3487352 

9.3493^90 
9*3499220 

9-B5o$i43 
9-3511059 

9.3516968 


9,3522869 
9-3528763 
9*3534650 

9*3540530 
3«u6xoiM 


9.3552267 
9.3558126 

9*3563977 
9.3569821 

9-3  5  7  56s  5 


9.3581487 
9.3587310 

9.3593126 

9.3598935 
9.3604736 


9.3610531 
9.3616319 
9.3612100 
9,3627874 
9.3633641 


i 


0.6542448 

0.6536473 
0.6530506 

0.6524546 
06518593 

0,6512648 

a65c67io 
a650078o 

0.6494857 
a648894i 
0.648  303 1 

^6477131 
0.6471237 
CW6465350 

0.6459470 
a645359^ 


ijjSecant, 


10.0104185 


Q.6447733 

a644i874 
0.6436023 
0.6430179 
0.642434^ 


a64i85i3 
0.641269c 
0,640687^ 
a640io6^ 

0.6395264 

a.  6 '3  89469 
06383681 
0.63779CC 
0.6372126 
06-366359 


■10.0105872 
10.0106155 

10*0106438 
10.01C6721 

1 0.01 0700  <; 


IQ.OI04465 
10.0104746 
IO.OIO5027I 

1 0.010$  3c  8 
10.0*05590 


1^646632;^ 
10.6640938  2'5 

10.663525128 

10.662957227 

10.6623901 

10.6618138 


10.6612582 
10,6606935 
10.6601294 

10.6595662 
10.6590037 


10.0111018 


26 

25I 

23! 

22 
21 
20 


10.0110151  10.6528664 
10.011044c  10.6523130 
10.0110729  10.6517603 


10.6512083 


10^11130;  10.6506571 


10.011159710.6501066  4 

icoi  11887 10.6495568  3 

10011217810.6490078  2 

10.0112469  10.6484595  I 

iojoirA76i  10.647912c  o 


10-0107289(10.6584420  i^ 
10.0107573  10.6578810  ii 
to.0107858  IC.6573208  1^ 
100108144  10.6567614  16 
10.0108429  10.6562027  ir 

10.0108716  10.6556448  14) 

10,0109002  10.6550876  Ig 

10.0109289  10.6545312  It 

100109576  106539755  II 

10.0109863  10.6534206  10 


I 


I  Secant.M' 


77  IhS^ees. 


A  Table  of  Artificial  Sines, 


1 3  Degrees. 


Of 


Sine. 


9.3S2oS8c 


p.9887239 


9.35265499.9886947 
^•55318109.988665^ 
3;9-35372<54  9'9S8636s 

4!y.3  542710  9.988607c 

5  9.?u8i5'"9.9S8577(^ 


^9-35S3S«2j9-98S5485 

7  9*35 5900719  9^8^*8^ 
S9'3564426  9-9^^4^94 

^9-35698-^d  9.9884599 
12  9'3  575£40  9.9^88.1903 
H  9,7^806379-9884008 
>2  9.358602719-9883^12 


9.36^3641 
9.363940 ' 

9.364515'; 
9.365090) 

9.3656641 

9.3662374 


iO.636635^ 

iOr636oj9S 

10.6354*4*, 
la  6 3 49099 

10.6343359 

10633762^ 

10.6331900 
to.6326181 
10.6320468 
ro.63 14762 
10.6309063 

10-6303371 
la  6297685 
10.6292006 


9.36021 54.9_        

'^9*3607*^15  9-98825*3 
179.36128709.9882225 
18  9.3618217  9«988iQ27 
'99.36235589-9881628 
^  9.3628892  9.9881329 
^"9-36342199*9881029 
229.36395399.9880729 

23^,36448529.988^429 
24L365Q158  9.9880128 

25*9.365545899879827 


26^36007509-9879525 
27^9.36660369.9879223 

^^367131 55587^92' 
299.3676^879-9878618 

309.36818539:9878315 


^.3668  KC 
9-367^819 
9.367953V 
9.3685230 
9.3690937 

9. 3  6966  2> 
937023IC 

9.3707994 

9.371 3667Jio«6286333 

9.371933  i|io*628o667 


I 


Sine. 


9.372499^ 
9.3730645 

9.3736291 

9-374193^^ 
9-3742563 

9.375319c 
9.375881C 

9-3764423 
9.377003c: 

9-3775631 

9.3781225 
9.3786813 

9.3792394 

9-3797967 
9.3803517 


10.6275008 
10.6269355 
10.626370^ 
10.6258070 
10,625  2437 


io.6246810 

10.6241  xgo 

10,6235577 
10.6229970 
10.6224369 


10.6218775 
10.6213107 
10.620760^ 
10.6202031 
(a6 1964^3 


Tang, 


Secanc.l 


i 0.0 1 1 276  if  10*6479 1 20  », 

lo.o  1 1 305  3|  10.647  36  5 1 J59 
IO•6468r9o|5^ 
10.6462736  5; 
10*645  7  29G  5f 
10-6451850  5  ^' 

ro.6446^185'4 
10.6440993  5 


10.0113345 
io%oi  13637 
10.0113930 
10.0114224 

10.0114518 
10.0114812 
ro.oii5io6 
10.0115401 


50 


10.6435574 J2 
10.64301640 

laoi  1 56971 10.6424760 

10.0115992 
10.011628S 
10.0116585 
10.0116883 
10.0117179 


10  x>i  17477 
10.0117775 
10.011807: 
10.0118372 
10.0118671 

lo-oi  18971 
lO'Oi  19271 
IO.OII9J7I 
10.0119072 
10.01 2017"^ 


io«oi20475 
io.oi«o777 
10.0121079 


10.6419363 
10.641397315 

10.640859141 

f  0.64032 15  46 
f  0.6397846  4^ 


10.63924S544 
10.6387130^5 
10.638 1783U2 
f  0.637644^  41 
10.63711084: 


10.636578113 
10.6360461  iS 
10.63551489T 
10.6349842  s 

10.6344542  35 


10,6339250 
10.63  339^4  3  > 
10.6328685  ?3 
10.0121382I10.63234133 
10.01x1685110.6318147  5" 

'SccancifM 


^« 


76  Degrees. 


"^ 


I 


Ml** 


«/  Anifkuil 


•  — 


/ 


Sine. 


^  ^8^675:  ^.9869041 

^;846S75^98<5i84ic 
^.5851914  :;),9H6Sc9r 

^'^8620 -b  9*9^67461 


9.^:6704   9.9S67144 
^•3S73JP67  9-9S66S«7, 

^,3*77087  9.9«6^W 
^  9.988^101  9.9866191 
;,3887K>9  9*9^6587^ 

9-38^21  It  9*98^53 

?.3897ioC9>9*6s^3* 

1 5  9.39oao96  9*9^^9 '  3 


.c 


t  ^.3907079  9*9«^593 
J>  9«3-9iao57  9*9864^73 

ij  9.a9i^7D«(J  ^5^3953 

*?  A39iti99g  ^:9^43^3Q 

1 1^  9«39^95>2  9s9*^.13o8 

'9  9»3^i9^j  9^86298^ 

20^^593685 a  9»9^?f^ 

r#J9.39.4i7P4  ^•98<5234c 
^^39>C^^  9*9^62017 
i  j|9*39*ic65b  9^861693 
2^9*395^^»?-^|^'569 
^^  9'V96i499  9  9^^'Q45 
ad  9*^664 ic  9*9^60720 

it  9-397151^  ^•9f^''394 
^s9*}$7^^iS  9-9^600^9 


;:9  9-398ji-J09?^9^S9742 
so9.?98.599^^-?8594>6 


9*39^77^1    ' 

9-3973089 

9-3978469 

I9-398383; 

9-39^9*91 

l?J£94547 

9  399989i6 

9.400524c 

9.401057.S 

9*401 591c 
9.4021237 


9.4026558 

9^31873 
9-4037182 

9*4042486 
9'4*'^47784 

9»40.53076 
9,405836.3 

9*4063644 
9^4068919 

9*4074189 

9*4079+13 
9.408471:1 

9.4089965 

9,409$  Zl  2 


9»4*io5^ 
9*41 1099* 


r 


o.6o3a289 : 

0*6026911 1 

0.6021537} 
a6oi6i7oj 
0k6oio8o9J{ 
0.6005453 


0-6000104 
0*5994760 
0-59^9402 
0*5984^90 
0*5978769 


<>'597344a 
0.5968127 
0.5962818 

0-59575M 
0.595^214 


0.594.6^24 
0.5941^3,7 

0*593^,54 
o.593rfo8,t 


o.592ajtj.7 
0.5915.288 
0.5.910034 
0.5904788 
0.5*9^ 


o.ci3444i 

.aoi35o8; 
->.oi354< 

iaoi3572'j 


io,o;ii 

0.033637^ 
0^013669' 


0^8943^. 

0,5^89071 


9.4U6146  10.5863854 
9.41213^  io»58.t8634 
9.4ta656«  10^587^(9 


0.01312; 

0.013*   51 

001 3 1 9^ 

0*013221 
Q*oi3a53< 


c^6j6^24^61 


0.01328' 

0.013317; 

0.013349" 

0.01 338< 
orij4i 


sS 


toj6i5iiiSs 
I0.6i55i27  ^ 

io«6i4So76L7 
10.61430315^ 
^<x6i37992^< 


10^6132960^ 

^«^*^93is: 

to.6ca29J3'5J 

ia6it7895j5, 
10.6112^91!^ 


0*0137-33  jpofa63A4siI: 


0.0x3716 

0JDi37^8 

OJD'ia^o 

0.013S5} 
ao^«£5j 


o»6f07889j^ 
Q.6102894^ 

'^•^097904 

lQi6')9292l 

^£:fo87943;45 

10.608297 
10.607800714, 
iOitfo73Q4&  4S 
'  6068095  4 


0*605  iJlO^;! 
10  6053271  3% 
«a-6o4«34a37 
to.60434193^ 
10.6098501;^ 

10.6033^1^ 

10.602868?  5; 

,^,.  15x6033781 32 

0.01402  5  S|ia6oiS^9i  jt 

^  40o4|a 


iSccanf.fv 


Tangents,  arid  Secanti* 


t4  Be^ees, 


Mj  Sine, 


^9.3990878  P-98J908^ 

,,9.V»otfi.  ?^8^8434 
|l9.40054«9  3,Si8<iBio6 
„  94010348  g -9  057777 
^94015201  p-9'i$744? 
jyS^oOTc+S  )-9957i"' 
J894024889  ?.98si579- 
599.4029724  995564'5o 
40-94034554  J-g^Stfi^? 
M9'4'^3'537^  9>98S')798 
42'9.4^44'9*  9-985S4*7 
4j'9.4049009  S.9855131 
4494053816  9.9854803 
45'940586i7  9  ^85447' 
46 9.406341 3  9-9854138 
t7l9.406S3Q3  P.PS53805 
i^£4072987  9.9853471 
49&-40777i'«  9*853138 
^.4082539  M'8528o3 


^.985546? 
9.985213 
P.9S5179 
9.985 14(!3 
^851125 

„ „e'98p78S! 

,,,>4ilS7S)aM5045» 
[819.4120523  9'9350li4 


^12524^  9-p84p77^    --r  ,-.   . 
.4,i«99<2  9.98.19458   94a&"^»5 

.Sio£. 


Tang. 

9.4126581 


5.413 1789 
94136993 
94142191 
94147383 
94152570 
94157752 
94161928 

9'4i68c99 

94173265 
9417842^ 


941815SC 
94188729 
9.4193874 
94199013 
9.4.804146 


9.4209275 

9421439S 

942 '95  M 

94234628 

9.*«29735 

9.i'a34"8'38 

94339935 

94245026 

y.4150 

9.421s  194 

9426027 

9,4265342 

9.4270401* 

j.il.275469 


10.5I16821 
10,5863007 

10.5857809 
io.5852ei7 
[O.584_^3o 
10. 5  842248 
10.5837072 
10.583 '901 
10.5826735 
io.582i57<i 


1.5873419 


10.5816430 
10.581127' 

10.5806126 
ia58o0987 

10.5795854 


10.5790725 
10.J785602 
10.5780485 
10.577^372 
10.5770265 


[a5765i62 
.  57600155 
10.5754974 
ia5749887 
10.5744806 
10.5739729 
10.573465B 
10.572959' 
.5724531 

.■i7i947S 

Tang. 


14091 

IO.OId[23i 

10.0141566 

10.0 1 41 894 

[O.014229: 


10.014321c 
IO.OI4354P 
rO.014387 


Secant. 


0.01405114  i0.60l4OOi 


10  0144303 

to.oj4M533 
10.0144E65 
10.014519? 
10x1145  s2g 


0.014586a 
100146195 
10.014652s 
10.014686a 
10.0147^97 
i*753» 
10.0147867 
10.0148202 

CM)i48538 
100148875 


t0.3t4^211 

to.oi  4954i 
iOX)l  49886 
•<:4>i  10234 
to.ois0562 


330 


7'5  B^gr^s, 


A  Tahlt  of  Jrtific'uti  Sines , 


I  ^Degrees. 


Secant. 

10.01S0901 
p.oL5ia4t  ■ 

10.015191S 


[Sine. 


■*P-4'3*«7-'-S849«99 
-io.413938'  }-9H976o 
J|9.1i44c8  j-9848430 
■t'y.4i4S77^?.9848o8i 
J94t^34rf*.  J-9847740 

'^9.4i5'"5^  ).984740o 
7  9-4163833  ;.9847o-;9 

V3.4172174  J-9B4637< 
-  ■"•ilZlii?  /^9^*i5oj3 
'■'  ?.4i8i491  i?.984^6po 

*  9.4186148  9-9845347 
»5  ,1.4190791  ?.Si8450O4 
H  ;.4'9S43S  9-9844660 
y  3.480007319.96443^6 
*^  3.43C47O0  9-984)971 
'7  3.44003109-9^43626 
•■53.431395^9.9845281 

■9  3.4318566  3.984193^ 
^  3^4243176  3.9842<89 
»'  3.4237780  3,.9842a42 
<«&.4i3338c  9.984»8>5 
«3S,4336974?-984M48. 
*4o.4i4isS5  P-984iaM) 
»t>-424«i47  ?  98408^3 


Tang. 


3.4.iao^ 

9-4285  5;' 
94230631 
3,429566 
9.43  w6si- 

9'4J|07v- 
9411^77 
9-4330781 
J-43  2579s 
3.4  33080.; 
9.433580. 
3.43;o8oc 
9-4345791 
5-4350776 
i';435575" 
;-436o73 
9-436570-, 
9.437067' 
9-437563: 
3.43805  87 
3.43855,3: 
9-439048^ 
3^39543' 
3:4400363 
34405  29  ■, 


>■  1719475 


65.9840503  ?.44i02'22 


^.9840154 

7  ?!98398pi. 
03-9839455. 

8  ).9839'oS 

Sine. 


M+M145 

3,4430062 
34424975 
34429883 


1rj.57144.25i 
'«- 5709379 
"%  5704339 

J3.56S9303 
_2^94273 
p.  5 6 891 47 
o  5684227 
0.5679311 
0.567420] 
0.5669196 
0.5664195 
0.5659200 
1^.5654205 
10,5649224 
-  5644243 

■5639267 
jp.5634296 
10.5629J3C 
0.562436P 
0.5619413 
0.561446; 
10.5609515 
.0,5604574 
ro.5  599637 
10.5594705 
.0:5589778 
0.558+855 
'o-S  579938 
io,557S'32'5 
10.5570117 

Tang> 


10.0152600 
10.01529+] 
1^x0153283 
10.0153635 
f 5396; 
10.0154311 

iaoi54653 
0.0154996 
10.015534c 
10.015568. 
10.0156029 
16.01  s<537^ 
10.0156719 
10.0157065; 
10.8157411 
10.0157758 
100158105 
0.O158452 
^0158800 
10,0159148 
10.0159497 
0.01J9846 
b.0160195 
it).o  1^0545 
(0^0160895 


^^58700 35  6_ 
'0.58653265; 

10: 5  8606 1 9*5  e 

10.585591S5; 

[0.5851J22  je 
10.5846532  fi 


(0<5t»4i!t48  54 
10^5837168  5'; 

0.5832494(1 
10.582782651 
16.582316}  5c 
10.5  S 1 85?!-  = 

0.58138521! 

10,5809305  17 

5804564 \t 

CO.  5799927  i^ 

'0-57?5>96M 
.0.579067  caj 
f>.57«6o5o  43 
6.5781434(1 
10.5770824  I J 
'o.577a3M  K 
0.57(5762':  jS 
0.576302637 
10.575843J  je 
^■V.53853  ij 

'0.5749374  J4 
'0-5744701  33 
10.5740133  13 
«o.i73S57o3i 
ro.523'on  JC 

fSccant.  M 


74  2)^ w. 


(■ 


Tangents,  and  Secants. 


►  11  >■  ^^  I 


I 


*  5  2>^5r^^-^- 


M27354 

;-4275ia89 

p;4287i69 
M291701 

^.4296228 
M30075 


46 

4h 
49 


9.4309779 
9-43142^6 


,  9838755 
9.9838484 
9.9838052 
9.9S37701 
9.9837348 


9.9836996 

,  ,     9.983<^643 
p.4305267  9.9836290 


^.9835936 
9.9835582 

9.43187889*9835227 
9432328^  9i»9.834872 

^•4327777 /•58345 17 
9'433226s  9-9834161 

99833805 


Tang. 

y.U^9^ 

9  44347^6 

9.4439685 

9.4444579 
9.4449468 

2:4454352 

9.4459232 
9.4464107 

9*4468978 

9.4473843 
9.4478704 


•4327777  >• 
•433226^19. 

9.433674^ 


9.434^223 


P-4354^»3 

9.435908. 


9  9^33449 


k>.4345<^94  9.9833092 


»>>9S32735 
9.9832377 

9.9832919 


5»9>4363534 
5^  9  436798c 
5394372422 

54  9.4376859 

55  24381 29'' 


9.983 1661 

^.9831302, 

9.9830942 

9.9830583 

9.9830223 


5694385719 
579439PI42 


5^ 


S9  94398973 
509440338 


9.9829862 
9.9839501 


943945609.9829140 


9.9828778 
^.9828416 


Sine. 


9.4483561 

94488413 
94493260 

9.4498102 

94502940 

9-4507774 
94512602 

9*45 17427 
9.4522246 
9.4527061 

9.4531872 

9.453^678 

9'4.54I479 
9.4546276 

9.455*069 


94^55857 
9  4560641 
9.456.54aQ 
94570194 
9'»5749d4 


Secant  I 


0.5570117 


rcJ.O|6^).  4^^S7    J772 


lo,' 160895 

0.5565214    ia,oi6424> 

0.5560315    10.0161596 

o«555542ij  1 10.016194^ 
o  5550532    10.0162299 

0.5545648    io.oj626s^ 
0.5  540768 

0.5S35893' 
a553,\.p22' 

0.5536457; 

0.5  <;  2 1296. 

0.5516439 
0.5511587 

C.5  50674c 
0.5501898 

0.5497060 


Q.5492226 
0.5487398 
0.5482573 

0*5477754 
0.5472939 
0.5468128 
o»5463322 

Oi545852i| 

0*5453724 
0.5448931 


l0.oi6^3«5^ 

iC.oi637«' 

10.0164004 

10.0164.41^ 
10-0104773 

10.0165  I  29 

10.0165483 
f  0.0165839 
IPOI66I95 


i^>V73ioij'^| 

1^-5  7  264 ',^'2^; :: 

lO.S72'^'I  ,:^| 
A".S7  2^3*  26 

1 


4. 

22, 
i6 


10.5^99  5 

*->.5^Vf73? 
10  569'^  21 

'^V^»^7'4 
io.')6Si-i.i2  ,^ 


0.5444143 
0.5439359 
0.5434590 
0.5429806 
a5425036 


Tang, 


10.01665M 
10.01 6690S 
10.0  J  67265 

10.0 1 676  2*3 
10.0167981 

10.0168339 
10.0168698 

1 0.01 6905  8 

10^0169417 
10/5169777 


10.56767  I  ^ 
lu;.56722^^ 

10.566773d 
10.56631^4 


•7 

16 
15 


■10.0170138 
19.0170499 
10.0170860 
10.6171222 


10.5658777^14 
10.565430613 
10.564983912 

f  0.5645 377  II 

16.5640920  10 

0.5636468 

to.56  32020 

10.5627578 
10.5623141 

10.5618708 


10.5614281 

10.5609S58 
10.560544 

10.560 


7\ 
6 

± 

44 


10.6171584(10.55966 


Sccanc.i^ 


74  "Deffjes. 


I  '  ■  * 


■r 


v 


Tangentit  oHSSetants, 


t6  Dtgrees, 


M  Sine. 


SSV  i 


1  ^^ilt'^ 

ii  MH     - 
4  ?^^  5044 1 

37;.4563i6i 
3S?.4567392 
35  ,.4^716  ' 


4S  5^.609456  prfSi 
j.46i78if 


46427SK  j^So? 


56P.41 
589.46^  1081 
fa?  46^9153 


i8g39  ^^807889 


.    >7S05 
.9807120 

^98o<S735 
J.9806349 
^9805963 

Sine. 


9-*7438o8 
9-4748431 
9-475  J'^a? 
SM757«J3 

o^6as3^ 

9.47^6819 
9^77142! 
SM77<5oo9 
9.4780193 

9.478SI7J 
.4789748 
9*4794319 
9-4798887 
9.4803451 
9.4808011 


9.4812^66 
9.48171 1 8 
9-46  a  1 666 
9.4S36210 
^■4830750 
9.4"S35a8e 
9.4839818 
9.4844346 
9.4848870 
9-485  3390 


10.^283952 
(0.5279,1^ 
ia^37468a'' 
K=-5-27««51 
[o  5165428 
.0.5160808 
10.5156191 
10.5351574 
n.I24<97' 
.J0.5  2413*7 
to.5ij7767 
10.523  ji  7 1 
Io.5«28579 
■0.5223991 
10.5319408 
10.521483^ 

10^530568  ( 

iC.53Qirig 

10.5196549 
10.5191989 


Secant.) 

I  i"jcni8a6}c[i^4M"5? 
ia.oi8joQ^|io.54<523ii 


io.5ib74M 
io.5[8t8Sa 
10.51 7  8544 
io-ii737PC 
10.5 1 6985  c 

to^  164714 
I05I60163 

I0.5I556H 
10.5151130 

iO;5i466ic 

Tang. 


i7j  2%nf. 


A  Table  of  Artificial  Sines^ 


"•  1 7  ZV^^J"' 


M  Mne 

09.4155935; 
"T  J.4S6J4S 

a  3.46676ct 
3M67i7r 

4  9-467184' 

5  i.467g9^' 


p.46?4c6i 
7;.4<S88i7; 
S  ^.4^9237' 
9  p.4*9636i 
109^70046 

9.470454* 

9.47086  J. 

.  J.47I271' 

4?.47i678^S 


^557- 
^9805 19c 
/.98o48c^ 

j.93a44M 
.980403; 

.9^o363i, 

?,9,8oa86c 
J.  98024?' 
9.980208 1 

9.980169c 
9.9S0119; 
P.980090S 


169.473493' 

179.4728985 

89.473304? 

M737"97p 

20  j-4741 

9.4745  "92 

9.4749234 

9-475337' 

M757304 

M7*»334 


i6i>.47«5359 

a7e.47fiS'3Sc  9.979538! 


!&-4773396 
29&-4777409  9- 
3CJ9.4781418 


9-979776fl 
S-97973«9 
9.979^97^ 
9.979657B 
H>79^'8f 


9.979499. 
■979459  S 
9.979419^ 


Sine. 


Tang. 


9-485  339' 

9.485790- 
9.486241^ 
9.486692^ 
9.48  7  U3: 

M8759J; 

9-v88o43t 
9.4884934 
9.488941- 
9.489389: 
9.4898^8. 
9.4902  8,  f 
9,49073  J-' 
949118^'! 
9.4916269 
94920731 


0.5*46610 
to.5142093 
'0-5 '375'' 
0.5133073 
0.5128567 
10.^134067 


9.49151?^ 

9492964^ 
'9.4934097 
!949j854s 
9  4942988 


9-97957851  9-4969574  '■ 
to.  497 399'  ' 
^.497840*  1 
^•198*816 
£.4987223 


0-5 1 '957' 
01^115076 
0.^110587 

D.5106102 
Q.5foi6aQ 


10.^097143 
10.^092668 
10.5088196 
10.508373 
10.5079265 
10^5074^0 
10,5070314 
10.5065903 
[O.5061455 
10.5057012 


,0.5057^7 
10.5048135 
ia5043702 
10.5039273 
10.5034848 

0.5030436 
10.5036009 
10.5031594 

0.5017184 

o-50'g777 


Secant. 


10.0194037 


10.0194433 

io.oi948i( 
10.0195197 
10.019558- 
io.oi9;i97: 
10.0196)61 
io.oij>67sc 
10.019714c 
0.0197539 
^0^01979  IS 


[  0.5  340647  ^: 

o-533'55"7'i* 
0,533939';'* 
10.532817=57 
10.5324151  it 
o.5320^4d't 


1983  ic  I 
10^3198701 
La«i9909t  K 
iaQt994Si  K 
10x^199876  It 

IO.o30c*6l 

10.0201054  I 
10.030I44S  I 

OJ320lf 


I0020223<  tr 
10.«30363I  I 
1 0.0203027  I 
10.030343'.  I 
10.02038  it  1 
10.020411^    I 

10^12046  IS 
002050ns  1 
re 02*5407  I 
.0205805  1 


72  Degrees, 


Secant. " 


Tangents,  and  ^Secants,. 


17  Degrees. 


;^ij  Sine* 

309.4781418 

31J9.4785423  9-9793796 
32*9-47^942^99793398 


339-4793420; 

549.4797412* 
^5'9.48of40i 


369.480538s 
379480936^ 
389.4813342 
399.481731^ 
40:9.4s  2 12S  3 


9.9794195 


9.9792.998 

9,9792598 
9.9792198 


9*979^798 

9-979x397 
9-979093^6 

9.9790594 
9^90192 

9>9789789 
9.9789386 

9.9788983 


419.4825248 
1429.48^9208 

Al\9'4^3V\      -.   , 
44  9-4837  >i7|9-9788579 

4J9-484I066J  99788175 

9.9787770 
9.9787365 
9.9786960 
9.9786554 
9-9786148 

9.9785741 

9^785334 
9.978492J 

'9J9784519 
9-9784111 


46*9.4845010 

47&.4  848951 
489.4852888 

49I9.4S56820 

So!9  4860749 


5 1J974S64674 
52  9.486«J95 
53b.4^725i2 
54fo.48764!26j 
55b-488o33J 

488434C3 
4888142 


17^ 


I  Tang 

94987223 

94991626 

|9t4996o26 

9.5OC0422 

I9.5004814 
^9.5609203 

9.5013588 

9«50i7969 
95022347 

9.5026721 

9.5031092 


ia50i2777 


Secant. 


9.9783702 
^^  .  9.9785293 
585.489^204019.9782883 

l9b»4^P593^9.978247 
K9a9824|9.978 


9.5035459 
9.5039822 
9.5044182 

9.5048538 
9.5052891 


10.5008374 
10.5003974 
10,499957^ 
10.499518^ 

ia4990797 

10.4986412 
10.4982031 
10.4977653 
104973279 
10.4968908 


10.0205805 


10.4964541 
104960178 

104955818 
104951462 
104947109 


9,5057240  ro.4942760 
9.5061586110.4938414 


9^506592$ 
9..507Q267 
9,5274602 

9.5078933 
9,5083261 
9.5087586 

9.5091907 
9.5096224 

9-5100539 


9*5113460 
5117760 


10.4934072 

104929733 
10.4925398 

ia492io67 
10.4916739 
ia49«4i4 
ia49o8o93 

ia490377^ 


.  ,  ,^  10.4899461 
9^5 104840  1048951 5 1 
9.5109150  10.4800844 


ib.4806540 
10.484224c 


10.5218582130 

10.5214577 
ia52io577 


10.0206204 
10.0206602 

10.0207002  10.520658c 
10.0207402  105202588 
10.0207802  10,5198590 

10.0208202  to.5194615124 


0.0^08603 
10.0209004 

10.0209406  to»5ig2685 
10^209808  10.5178717 


10.519063423 
10,518665922 


29 

2« 

27 
26 

25 


1002I021I  fO.5174752 

iou)2io6i4jia5 170792 


iao2iioi; 
iao2 11421 
10.021  i8ts 


ioo2r«230 
100212635 

■10.0213040 


10.5166835 
ia5^2883 
10.5K8934 


10*5154990 
10*5151049 
-  ^  .'°'5«47ii2 
1010213440  10.5x43180 
100213852  10.51^9251 

100214259  B05 135326 
100214666 105 1 3 1405 
100215073 10^127488 
10^215481  io.5iai574i 
10^15889 10-5 119665I  5 


21 
20 

19 
la 

17 

16 

£5 

13 

12 

ri 

to 


I 

7 
6 


1032162981051^^7601  4 
100216707  f 05 1 118581  % 

i0^O21 7 117  105107960    ^ 

10^011751 

222 


— a 


i^Mafa 


imtmtm 


.Irf  <i 


iten*Mi«M 


mm^mmat 


Tangents,  undSecants^ 


1 8  T)egrees» 


M 


Sine. 


5 


ji  ^50i85jKb#9769l43 
j2  ^.50223oSp*97687zo 
J5  p.50}607Wt9768296 
{4  ^.502983^6.9767872 
g'g'7^7447 
V.9767C22 

9.9766597 
9.9766171 

5?-9765745 
9.9765  3 18 


^^■5033597 

J6  9-50973  f  3 

p.5041105 

,    p.50448^: 
J9  9-504859^ 

9.505^339 

9.5056077J9.9764891 


9.50^981) 


9.97644^4 


^3  9-5063542  /.9764036 
^  9*5067269  9-9763608 

;5  9^5070993  g  9763179 

"6  9.J074712W762750 
7#9«507843S  99762321 
^9.5082141919761891 
9  9-508585c|9>976i46i 

c  9.508955Cp.976iO3q 

» 9>5093«5^  ^60599 
2  9  5096956  9«976oi67 
39.^1006^1  9*9759736 

49.5104343^-9759303 
S9-5'o8o3»g'975^870 


5j9.5»«»7»^  9-9758437 
r  9.5  >' 5397  9-975^004 
!to.5 1 19074  9-9757570 

)lo.5i22749  9-9757135 
i?  26419I9.975670' 

Sine. 


Tang. 


915245199 

9-5^49395 

9.52535^9 

9.5257779 
9.526J966 

9.5266150 


9.527033' 
9.5274508 

9.5278682 

9.5282853 

9.5287021 
9*529  n  86 

9.5295347 
9.5299505 

9*5303661 
9.5307813 

9'53«>96i 
9.5316107 

9.5390250 

9,5324389 
9.5328526 

9.5332659 
9.5336789 


9.5345-40 
9'5  349161 

9.5353278 
95357393 

9.5361505 

I9.5365613 

19  536971 


10*4754801 

10.4750605 
10.474641) 
10.474222) 

10  4738034 
iO^^Tjiisc 

ia4729669 

10471J492 
10.472131S 

10.4717  M7 
10.4712979 

10.4708814 
104704653 
10.4700495 
10.4696339 
10.4692187 

10.1^688039 
104683893 
10.467975c 
104675611 
10.4671474 


1 


I  Secanc.l 


r 


10.4C67341 

^',^^-,^  10.4663211 

9.5340916  10.4659084 


1 


10465496 

I0465083y 

10464672:, 
10.4642607 

104638495 
104634387 
10.4630281 

Tang. 


iao2304}4Jio»49g^23e8^ 

1  <>.02  3085  7(10498 1 461)7 

10.0231280  ia4977692  2 
J1O.0231704  10^9739252^ 

110.0232128  1049701.6^23 
10.0232553 10^^66403(25 

10-0232978 10.4962647S7 
10.0233^03 104958895  2  J 

10.023382910495514722 
iao2342$5 10  495^^02  21 

100234682 1 0494766 1  20 

iao235io9  >o.49439"23  i^ 
10.0235535  104940189  ig 
10.0235964  10.4936458 17 
iao236392  10.4932731 15 
10^0236821 10.4939008  15 

10.023725c  104925288  ^4 
10.0237679  104921572  ig 

iao238io9 10.4917859 12 
iao238539io.49i4i5C|i 
10.023897c  10.4910444 

io«o23940i  r 04906742 
10.0239833  10.4903044 
10.0240264  10.48^349 
10.024^697  104895657 
iox>24i  130110.4891969 


10.0241563 104888284 
10.0241(96 10.4884603 
iao2424.3: 104880926 
10.024286^  I0.4$772<i    . 
iox)24329d  •  048  7J581I0 

J  Secant  Jii 


yi-^egrees. 


i«i«p 


■H 


A  Table  «/  Artificial  Sw«, 


19  Degrees . 


M 


Sine. 


. , I 

I9. 51 26419  ?:97S^70i 


I  S 

9 

U 

I? 

I- 

1^ 


aSI374«« 
^5 141067 

)'5U47^» 


^•514857* 


V.5 130086 , 

M"  3  3750  9-9755^3^ 


;>.97S5394 

9-9754957 
5.975  45  ^» 


9.9754083 


I^.')i4037iiy»y/7'»^^3 
^5i52Qr7|9-975364f 


9*^369719110*4630281 
104626179 


9-5373«2' 

9-53779^^ 
9-5382017 
9^53861  ic 

9.539020c 


10.4617983 
10.46  i3ts9Q 
10.4609800   10*024547 


?5«5566 

V.5 15930^ 

^-5166569 

;.5i7cr9^ 
7.5173824 

;-5i77447 
9:5i8i>d66 


P.975320S 
9-975276$ 
9-975233<^ 


P.97S1891 

?>975i4Si 
p.975ion 

9:9750570 
^.9750129 

^9749"6§b 


^  9^5184682. ,,  ..  ^ 

17  p;5 188295  9. 9749^4^g»?4J994» 
1^  9.5 19 1 904  9*974^^04  "  " 
19^.5 1955  k9'974836i 

ic  ^5 1991 12  9^4792? 
U  9.520271 1|9»9747475| 


;(-539428; 

^•539^371 

9 540245 i 
^•54065  31 

^5410606 

9.5414678 
9.5418747 
9-5422813 
)?5426877 
^5430937 
-9^5434^94 


22^.5206307  9.9747031 
'?S9;5209«99  9^746587 
/^.  9:521348  s  ;;974<5 142 

^5  9  5217074  99745697 
i6  9-5«^65d  9^974^5252 
iy  9.5224235  9;-97448o6 
9.52278119.9744359 
9-5231383  9  9743913 


2<v 

29 


9  523.4953p*l97434<^6 

Sine. 


>5443ioC 

9.5447148 


10.0243735110.4869914 
10.462208^  10^02441701104866250 

ioo2446ocl^o.486259o|^7 
i0/)245O43|io.4858933  5(jt 
10.4^5  5279'^< 


ic.4605713 
10.4501629 

'0.4597547 
10.4593469 
10.4589394 


10.4585322 
fO.4581253 

ib.4577«87 
<o.4573i23 

10^^569063 


9.545  iJ93po.45488q7 


9>5455236 


9-$459«76  10.4540724 


9.54633 » 2 
^.5467346 
9.5471377 


9-5475405 

9*54794?^' 
^.5483452 

?.548747» 
7:5491487 


104565006 
ro.4560952 
!o.45^9oo 
104552852 


io.4544764 


Secant.l 


10.0x4329^104^735^1  ^ 

5S 


1 0.02459 17 
10^10246354 
10^^24679  k 
10.0247231 

toe  24767c 
10.0248109 

10.0248549 
10^0248989 

10.024943c 

10.0249871 


54 
5s 


104536688 

10.4532654 
104528623 


^0.45  24595 
io,45  2057c 
1^^.4516548 

1^451^529 
ro.4508513 


^ 


10.02503 1'« 
10.0250754 
10.0251196 


ia485i629 
104847983 
10.48443455$ 
ia4S4O70cJ5 1 
10^370641^3 

10.48^^43  tfc 

io.4829Bo2'4S 
10.4826176*47 

»o-48ia55^|46 
lo.4SjS934k^ 


10.481531^4 
10481  X.70C43 
icx48o8o9442t 
10.02  s  1 639  i'5t48o44co  41 
10.0252062  1^4800888  4£ 

10.0252525  io.47972ft9|39 
10.0252969  10479369338 

10.0253413  10.479010,37 
100253858  i047S65i2  3e 

;  10.0254303  t0478292||{3s 


10.02^5641  ip477*i8 
;io.o25.6o87 


lo  025474^hc^779i4434 
.io.02j5^i94  f64775765|3? 


^0.0256534 


II 


Tang. 

70  Degrees, 


"^ 


35 

i0476S6i78f 

04765047 10 


Secant.  * 


l«P««M«*^P"«P 


mtfim 


Tangents,  and  Secants, 


1 9  Tfegreef. 


.1 


Sine,  r 


p*97430ib 
;.5242o8i  ^9741.570 


3,5245^4^ 


;»5249i9C  9.9741673 
;^525  2749  j^4f  224 

9-5256298^9740774 


1 
3« 

3.' 
34 
3*^ 

16 
3/ 
3^ 
39 

4£ 

4« 
42 

43 
4/» 

4^i9.^^!i6i4 

47 

49 


J.5259.S4M 

^•526338/ 
;.5  26692} 

9,5  270463 


?^S«7399/ 
9.527752c 

9.5  2??  10  5  3 


^973^5>9 
^.9738067 

y.9737^15 


9.52845775^-9757162 
9.5 2S8097  99736709 


54 

55 

56 


5»|9.5309M« 
52  9>53i2649 

53953«^»43 


9.5323«23 


579.533009' 


5*  9.533356?  9-9730777 


59 
6d 


9-5337^44 
9 53405 J7 


9  97^3^(it 


\l 


Tang. 


>i974*l22 


^9740324 

9*9739^7^ 
y.9739422 

P.9738971 


9.973^255 
^,5'295i2^b.9735Boi 
9.529863^  /i9735346 
9.530214^  9*9734^91 
9.5305^  9.9734435 


9.9733980 

9.9733523 
99733067 


9-5319635  ^•973*^10 


9.9732152 


9.532660^9.9731^4 


5^-973 1*36 


9.9730318 
9.9729858 

Sine. 


!>^549«487 


10.4508513 

10.450450c 

10.45^0489 

10.4496481 

10  4492477 
0.4488475 

10.4484476 
lo.44St>^79 
10:44^6  ;86 
ro.4472496 
10.446^506 

9-5535^477(124464523 
9-55i9459  '0'446o<4* 


9.549540b 

9^54995  n 
9.5503519 
9'5507523 

9J5JH525 

9»55i5524 

9-5519521 
9*5525514 

19.55^7504 
9.S53M92 


9*5543438 

.,9^55474*'^ 
[»555|3g8 

9-5555359 
9.55.J9327 
9*5563292 

9.5567255 
9.557ia'4 


9.J575>7i 
9-55r9»25 
9;55|3o77 
9.5587025 
9*559^97^ 


9.5594914 

9.559»'*5 

9-560279? 

9.5600727 


II  Secant. 

ia[o256534Jio,  4765047}^ 


i:>,0256982  10.4761482  29} 

10.025743^  ^0.4757919  28 
iao25787S  10.4754360  27 
10.0258327  10.4750804  26 

I002  5  S77C;  104747251  25 


104456^62 

^04452585 
10444^6112 


104444641 
10.4440673 
fO.4436708 

104452745 

10.4428786 


10.4424829 
10.4420875 

10.4416923 

ro44i2975 
to.4409029 


ia4405o86 
1044CI146 

10*4397^^"^ 

10.4993273 
10.4389341 

Tang> 


10^0259676 
10.026:^127 

iaot6657b 
io.:>26io29 


10-0259226  *o,47^3702|24 


10.0261481 
110,0261933 
iIo»02623S5 
ioios6283S 
10^0163291 


10J0263745 


10.0264654 

CO.0265109 

10.0265565 


10.4740156^23 
10.473661  J  22 
«o  473:073  21 
104729537  20 

10.4726003  19 
10.4722474  18 
104718947  17 

^0.4715423161 
104711903J15 


10.470838614 


10.0264199  10.4704872 


10.470136212 

10.469785411 

10.4694^50  10 


•9 
8 


n 


10.0266020 10.4690849 
iao266477 1(14687351   » 
10.02669331104683857   7 


10.0267390 
10.0267=848 

10.0268306  10.4673392 


10,0268764 
to.o269j;223 


10.4680365 
ia4676877 


6 
5 


10:46699101  3 
io,4'66643i 


10.0269682  104662956 
10*0270145  f 0.465^48 3 

1"^ 


2 
I 
o 

k 


yf>>T^ejff^ti 


^ « 


A  TakU  af  Artificial  Sines y 


ao  Degrees. 


Tang. 

y-S63027& 

9-S6j8i07 

S>.56«9as 

g-s£l9^3 

9.56';7S35 
p-5655494 


w 67709 

p.568097'. 

9.563485* 
.s6SS7i' 
9,^69361 
9'56964S4 
9-5700355 
?.  5  704a  a  3 
p.^7o8r,86 


9-57119! 
M7'55i 
p.^7 19669 
■57=3584 
?.57^|7J77 


_42^S9H' 
10.43854' 2 
10.4381485 
10^377561 
10.43736401 
1043697", 
ic.436^8c6 
io>436t8g] 
'o^J5798a; 
I<M35*075| 
[0.4350169 
10.4346367 
:o.4342367 
104338470 
10  4334576 


104326795 
0.4312909 

10.4319125 

10.4315144 
365 

104307389 
0-43035  >6 

10.4399645 
10.4295777 
10.4291912 


10,4384189 
ij.4a8o33i 
10.4376476 
o.42;36a3 

Tang. 


Secant 

10.017014: 
10.037060; 
10.027106; 
10-3271523 
10027 198. 
100272446 
0^7290  j^ 
10.027J37, 

ro.o»738j. 
10.027421); 
10^274761 

lO.C?7^22^ 

IQ.0275690 
10.0276155 


.0.4288049   10038323'i 


1 0038270$ 
io.o2S3i8c 
002836;! 


.04656014  ss 
10465354)1  ji 
40.4^4^85  57 
>  0.4645625 
10.4642168 
104638714 

0^63^*63  (J 
I3,4'53igi0  5^ 

0.462837  a  5 
10.4634930  5c 
I046si493(i 

o.46i8of7Ub 
i'>46i462f  17 
I046iit964£ 
10460777c  45 


i(X4<to4347  M 
10.4600937 
"^5975'"  43 
'^4594097 
.Q459CC86  }C 

k(M5»7379^ 
194583874)8 
104^80473  J7 
"M5  77074  J« 
'0-457367S  J5 


■  0456689;  33 
1045,63511  it 

■  0.4560117  M 


&0284I34  104516747  L° 


Secant. 


6p  DegreesI 


■         -  -™       -      a 

Tangents^  Mid  Secants. 


iriM^iA* 


M 


3C  »*5^40754 


9.96S6779 

57J9.J643960  ^.96862^1 
P.5647«<53  9-9^85783 


4i 
45 


Sine. 


9.5<55356! 


9«9685fi84 

9.9684785 


32 

33 

34  .  ,    ,- .      -  .  , 

35  9>5<S5^75^'9684286 

76 

37 
3^ 

39 

4C 

4"i 


9.565994S 
^^.5663137 

9*5666324 
p.566950^ 


P.567586S 
dz  9.5679044 
'439.5682217 
9.5685387 
9.5688555 

46J9.J691721 
47|9-5694«83 

1489*5698043 
45  9.57012CC 
5C  9.570435? 


5 1 9*5707506 
529:5710656 
53?.57n8o2 

54^.57i694« 
559^57*0087 


9.9683786 
9.96832«5 
9.9682784 
9.9682283 
9.5672689  9.968 1 78 1 


9.9681279 
9.9680777 
y.9680274 

9-967977* 
9 9679*67 


9.9678763 
9.9678258 

9,9677753 
9.9677«47 

9.967^74*^ 


9.9676235 

9-967572« 
9.9675221 

9.96747»3 
9.9674205 


56  9«5723226  9.9673697 


579'5726362 
589.5729495 

599«57326^^ 
6010.5735754 


^9. 


9.9673188 

9*9672679 
9.9672169 

9.^67 1659 

Sine. 


Mki 


Dten 


\ 


Tang. 


9*5953975 

9-5957679 
9*5961380 

9.5965079 
9.5968776 

9-5972470 


9.5976162 

9.5979S52 
9.5983540 

9.5987225 

9.5990908 


9.5994588 
9.5998267 

9.6001943 
9.6005617 

9.60C9289 


9.60129^8 
9.6016625 
9.6020290 

9.60239J3 
9.6027613 

9.6031271 

9.6034927 
9.6038581 

9.60412J3 

9^6045^02 

9.60495*9 
96053174 
9,6056817 
9.6060457 
9  6064096 


0.4046025 


0.4042321 
0.4038620 
0.4034921 
04031224 
0.4027530 

0.4023S38 
0.4020148 
0.4016460 
.0.4012775 
0.4009092 

0.400541*2 
0.4001733 
0.3998057 

C.3994383 
0.399071  J 


i  Secant, 


0.3987042 

0.3983?75 
0.39J971C 

0.3976047 
10.3972387 

0.3968725 

0.3965073 
0.3961419 

0.3957767 
0.395411S 


0.3950471 
0.3946826 

0,3943183 

0.3939543 

0.3935904 


J- 


10,0313221110,435  9246^ 
iao3i37i9  io.4356o4g'5^ 
fo.0314217  10.435283728 
10.031471610^34963727 

10.031511510:434643926 
10.0315714  10.4343244  25 

23 


10-031621^  *o.434po52 
10.03 16715J10.4336863 
10^3317216  10.433  3  67d2i 


10.0317717 
10031821; 


10.0318711 
iao3i9223 
10.03197126 


10.0320733 
10.0321237 


10.4330492 
'0.4327311 

104324132 
104320956 
10.4317783 


10.0320229 104314613 16 


10.4311445 


10.4308279 
10.0321742110,4305 117 


10.0322247 
iao322753 


10.0323259 10.4295645 


10.0323765 
10.0324272 

10.0324779 

10.0325287 

10.0325795 


10.0326303 
10.0326812 
iao32732i 
10,0327831 

10.0328341 


10.4301957 

10.4298800 


10.4292494 

10.4289344 
10.4286198 
10.4283054 
10.4279913 


10.4276774 
10.4273638 
10.4270505 

10.4267374 

10.4264246 


Secant. 


21 

20 

»9 
18 

17 


i5 

14 

13 
12 

II 

10 

9 
8 

5 


4 
3 

I 


68  Degrees. 


A  Tahlecf  Jrtificial  Sines  ^ 


2  2  Degrees, 


Sine. 


I>i!gl| 


^'Q7sri888d9.9o7ii4^  19,606773  Jiou3932268* 
yvi      ^   ^,     .      Vo7i36q»a3928<53^ 

P.6074997PO.3925003 


Secant. 

10.0328341 

tao32S859lio.426ii2 


2 

3 


;9.5  74200319.9670^3  7 
!9-5745«23fo-9673i25 


4^5748240 


9»575'3S<^  9-96^9101 
•57544689-9668588 

•5757578l9-96^8o75 
81^- 576068.^-9^67  5  62 

•57^37909-9667048 

fob-5  76689^  ^.96665  ?  3 


9.9669614^  9.607862:110.39*" 373! 


»3 


I »  9  5769991  ^•966601 8 
12  9.5773088  9-9665  503 


9.5776183 


9.60822541103917746 

10.3914120 
103910497 
10.3906876 
'0.3903258 

LO.  3 899641 
10.3896027 


9.9663^987  19.611119^ 


9.6o858ac 

9^5089503 

9.6093124 
9.6096742 

9.6100359 

9^ioj973 
9.6107586  £0-3892414 


10*033 1925 

10033243$ 


10.3888804 


4l9.577927<\9.966447i  |9-6il48o4  10.3885196 

i  s  9^82^64^^3954 19.611840^10.3881591 

'^i9-578545op-9663437  19.612201^1^.3877985 

179.578853519.9662920 

^8  9.579 161619*9662402 

'9  9*5794695  9-9661884 

?f  9.579777''b'?66i365 


31 

96125615 

9.6 1292 1< 
9.6132812 
9.6136407 


?i  9^5800845  9-9660846 
129,58039179-9660326 
239158069869.9659806 

24'9.58 10052  9.9^59285 
jj!9'<8»3ii6  99658764 

^69.5816177  9«965824 J 

379.5819236  9.9^557721 

1289.582229a  99657199 

(^99.5825345  9.9656677; 

Jo(9.<828397p.9^5^"*>3! 

Sine. 


9.614000c 

9.6i4359» 
9.614718 

9.6150766 

^6154351 


9.6157934 
9.6161514 
9.6165093 
9.6168669 
9.617224? 


.3877987 

iO.3874385 
10.3870786 

fo.3867188 

10.3863593 


10.0333467 


10.4264246^  i 


10.4257997 

10.4254877 
fo.4351760: 

10.424864.4 


1 0.03  29363 
10.0329875 
10.0330386 
10.033089^ 

1003  3 141  dio^245  5  3  2J5  J 


10.4242422 

f  0.42^115  y 


10.0332952  10.42363 1  c 


10.423310S 


to.0333982 
100334497 
10.0335013 

10.0335529 
10.0336046 


ia386oooc 
io.)8  56409 
10,3^52820 

10.3849234 
103845649 

to.  3  842066 
10.3838486 
c  0.3834907 

10383133* 
10.3827757 


Tang. 


10.0336563 
10.033708c 
10.0337598 
10.0338116 
100338635 

10.0339154 
100339674 
100340194 
i  0.03  407 1 5 
100341236 


10.0341757 
10.0342379 
10.0342801 

io.e3433«3 
10.0343847 


10^^330009  ;y 
IO«42369I2  4^ 

1043238174- 
io,42307i5  \t 
10.42176364- 

10.42145504^ 

10421 X465U; 

i042o8384!4i! 
1043053354: 

10^.20322^4- 


CO 


a-t 


*<M>99i55|i- 
t04>i96o&3 

104193014,^ 
10.41S994S 

104186884!^ 

104183S23 

lO*4l80764|: 

10-4I7770S 

«o-4i7465s 
10.417160^ 


r&caiK]>i 


■»fMll,   f.   P 


^.^^■■•.P"^" 


mr*^ 


67  Degrees^ 


. 


m^m^fmm^^ 


mm^k 


mmm 


1 


A  Tahle  of  Artificial  Sines^ 


2  3  Degrees. 


^'^1  Sine. 

M9.59i87S^ 


9.9640161 
9^63y724 


Tang.1 


^.9.592472^9-9639^^7; 

3*9-59276989.963865.0^ 


4 
5 


y.5930666 

9-593363» 


9.9638112^ 
9-9<537574 


9.627«5i9 

9.62^20}! 
9.628554c 
9.628904^ 
9.629155: 
9.629605; 


%-5936594l9-9637036,  -   . , 

79-593955M9-9636496  9-^303058 

8b-59425i3l9-96359 $7  9-6306556 


9.629955S 


10.3721481 


10.3717969 
(a37i446o 
10.3710952 

10.3707447 
[O.3703943 


, -^  -       -      1 

^^•5945469  9.9635417] 
1019.594842219.9634877 

1^9  5951373  9"9634336 

12  9*5954322  9*9633795 

13  9-5957268  9-9633253- 
9.59602129.9632711 

9.5963 '  5  49-963  2 1 68 


16 

17 
18 

'9 

21 


9.59,660939*9631625 
9.5969030  9*963  I0S2 
9.5971965  9,96305 3S 
9.5974897  9.9629994 
9.5977^279.9629449 


■ 


9.5980754  9*9628904 
229.59836799*9628358 
9,59866029.9627812 
9.9617266 


9.5992441  9.9626719 


23    .,, 
24J9.5989523 

11 
27 

as 
29 


9*59953579*9626172 

9.5998170  9.9625^«4 
9.60011.81  9-9625076 

9.6004090  9.9624527 
30*9.6006997  9.9623978 

inc.  I 


9.6310055 

2:1^3545 


9.631703-, 

96320527 
9.6324015 
9.6327501 

9.^3309^5 


10.3700442 
[0,3696942 

10.3693444 

f  0.3  689948 
10.36S6455 


9.633446b 

9.633794^ 

9.6341426 

9-63449^3 
9.634837^ 


)  Secanc, 

iO£3597£9 

10.0360276 
r  0.036081 3 
10,0361350 
10.036188S 
10.0362426 

10.0362964 
10.0363504 

rao364043 
10.03645  S3 
10.0365123 


10.3682963 
ro.3679475 
10.3675985 
10.3672499 

10.36690  IS 

10-3665532 

i0.3662O<v2 

10.3658574! 

10.3655097 
10.3651625 


J 


10^40812*0*57 

10.407824517^ 

(0.4075271' 
10^4072302 

10.4069334 

10.4066369 


10.4063406 

10.4060445 
[0*4057487 

10.4054531 

10.405  I57S 


10.0365664  10.4048627^^ 
iao3662o5  10.4045.67^ 
10.0366747  10*404*732 
10.0367289  10,403978^ 
10.0367832  ro.4036846  4c 


5^ 


so 


9.635185c 

9.6355321 
9.635879 

9.6362257 
^,63  65725 


9.6369 1 8< 


ia3648i50 
10.1644679 
10,3641210 

10.3637743 
10.3694278 


9.P376106 

9.6379563 
9.6383019 


-Mi» 


10.036837 
10,036891 
10.0369462 


10.3630815 


9.6372646  fo.3627354 
(0.3623894 
10(13620437 
to.36 1698^1 


10.0371642 
10.0372188 
10.03/2734 
10.037^281 


10.403390744 
10.403097c  4.; 
IO.4028035U2 


10.0370006  ro.40251034. 
10.0370551  to.4032i73J4 


10*0371096  10.4019246  3  V 


io/>373828 
40.0374376 
10.0374924 
10.0375473 


10.4016321  3^ 
10.401 339S 

ia40iQ477 
io.4007559 


10.4004643 
10*4001730 
10^^998819 

1^3995910 


co«o376o22  io.)993oo9 

Secant. 


^iW^Pi 


5"^ 

4 


V 


66  Dt^gfrees^ 


iiiiiwt 


mf 


TaHgentSj  and  Secants. 


2^  Degrees. 


M|  Sine. 


iog.6Q06py7 


■  j.6o  19901 

j_j  9.6018605 
j^  9.60a U95 
^9,6024388 
,7'9.iioi727« 

J  919.633705  2 

^(9.60388 17 

(3'9,6o4«7j 
(4'9.6o+744S 
t^ '9.60503  an 
t? 9.60^319  . 
179.60560^7 
189.6058913 
^g^,6o6 1 786 
,-o&.»364647 
;~i&!6o67506 
;2'9.6o70362 
i3'9-6o732i6 
14'^.  60  76068 
i5;9.6f>789'8 
i6[9. 6081765 
;  7  9,608461 1 
i 8^.6087454 
19'9,6090394 
So^.fo93'3i 


?-96234a8 

p-9622878 

^.9622328 

j,962i777 

9.9621226 

9.9620674 

9.9620123 

9.9619569 

9.9619016 

9.961846; 

3,9617909 

^.9617355 

9.9616803 

9.961624; 

?  96  J  0^9 

9.961^ 

9.9614576 

9.9614030 

9.9613463 

9.96  H904 

9,9613346 

J.9611787 

9.96 1 1 228 

919610668 

9.9610108 

9,96095^8 

9.96(^987 

9.9608436 

9.9607864 

9^9^07303] 

Sine. 


Tang. 

9'6j''_30j9 
9-638647J 
9.63899  a, 
9'*393i75 
9.6396823 
9.6400269 
9,6403714 
9-6407156 
96410597 
9.64 1 4036 
9.6417473 
9.643^908 
9.6424345 
9.6427773 
916431203 
g;64  34631 
9L64J8057 
9.6441481 
9.6444903 
^.6448314 
J-6451743 
9.6455160 
9.645857' 
9.646198I 
9.646  5  4^ 
9.6468810 


9.647: 
9.6475624 
9.6479038 
9,648243 1 


Ia36i698i 


,0.3613597 

0.J610075 
0.3606625 

3603177 
0.3^99731 
.0.3596286 
0.3592844 
10.  J  5*9403 
0.3585964 
0.35825'? 

■357909  a 
0.357565 
0.3572337 
0.3568797 
03565369 

C.3561943 
3558^19 

10.3555097 
10.3S51676 

0-3548257 


0.3544846 
0.3541425 
'.3538011 
a35 3460c 
J53"'90 


0.3527783 
0.352437'' 
0.353097: 
0.3517569 
o.i5U'69 

Tang. 


Secanc 

iai37»c33Jio-3993003  30 


037657a 


«Sl/V<^! 


-HI 


A  Tahle  of  Artificial  SineSy 


24  Degrees, 


Sine. 


9.6095969 

9*6o988o'5 
9.61016^5 
9.6104465 
9.6107293 


9.6110118 
9.6112^41 

9.611576? 


9.960730'. 


9.960673V 
9-9606 1 7c 
9,9605611 
9.960504^ 
9.9604484 


9.9603919 

9.9603^54 
9.960278S 


8 

9b.6ii858oJ9«96o2222 
»^j6iai397l9«9^i65c 

11 

12 

19 

M  9.6f3264t|9-9599384 

'^9.613544^9959^^1^ 


*^9»6i38a5d9*959824^ 
179^4105 1 9.9W7^7^ 


18 


9-6i242ii9-9tfMo8^ 
?.6it7023  9»9<^52c 

9.6i29833l^-959995^ 


9.6i43*5c 


9^  597  IOC 


Tang. 


9-6485  83 1 

9.648923c 
9.64926^8 
9  6496023 
9*6499417 
9.6502809 


9,6506199 
96509587 

9.6512974 
9.6^1635$ 

9-65 1974^ 
9.6523123 
9.6526505 


.  ,^    «o-3473497| 
9'652j]^88s  10.3470119 

9-653325710.3466743 
9653663'^  10.3463369 


^9l9.6«46547l?'iPW^<5^ 

^  9>6i4944i[9»959i;2^ 

aa  9.6155024  9.9594824 
»9  9.6157*12  9-9594«4« 
«4  9.6160509  9.9593^75 
^5  9.6*63382  9:959322? 


26  9.6166164  9.959*52^. 

27  9^16894*9591954 
l8  9.6i7i72i|9-959«38o 

29  9.6174496b  9590805 

30  ?.6i77370i9-9590229 


Sinc« 


i 


I 

i 


1 0-3  J 14169 


10.3510770 

10.3507372 

»o,3503977 
ia3500583 

10.3497191 


IC.3493801 
10.3490413 

10.3487026 
10.341836411 
10.3480258' 

10.3476877; 


9.6540004)103459996 
9>654317Jto.34566ij. 
9.654674I10. 3453256 
9.65501  iaco.3449S88 

9.6553477|tQ-3446523 


9.6556844^0-3443159 
9.6560104  10.343^796 


9*6563564 
9.6566923 

9.6570280 


9.6573636 

9.6576989 

9.6580341 
9.6583692 

9.6587041 


'0.343^436 
10.3433077 
10.3429720 


Secant. 

l0.039l69^ 


10.0393261 
10.0393824 
10-0394388 

10-039495^ 

10.03955  iC 


10.0397778 
100398345 
10.0398912 
10.039948c 
fo.0400048 
0.0400616 


t- 


io.39068676 


•0.0396081 
10^)396646 
I0.03972I2I10.388423S 


10.3904031  59 

1Q.39011975* 
10^389836557 
10.389553554 

10.3892707155 

10.388988 

to.3887059 


ia388i4io}5 

10.3878603 


10.3875789  4x 

10.3872977 

10.3870167 

10.3867359^4^ 

10.0401185  10.38645544s 


541 

5 
5' 


50 


10.0401754 
10.0402324 
10.0402894 
10.0403465 


to.386175044 
10.3858949/43 


10.3426364 
10,3423011 
fO.3419659 
1043416308 

10.341295^^ 


10.385615043 

,.    .  »^3^533534> 
10.040403^  i0U3>5O55y  4C 

10.040460;  40.384776639 
10040517^  1038449763^ 
10.040575s  10.384218837 

ia04o6325  iO'38394oi3« 
ra04o689g  10.383661^  35 

100407472  10.383383^  34 
10.0408046  to.383105^  31 


Tang>  I 


10.040862c  10.3828379  33 

iox>409i95  10.3125504  31 
10.0409771  10.3822730  )o 


Secant.  4 


'*m 


TangentSy  and  Secants. 


24  Degrees. 


Ml  Sine, 


9.6i77yc 
9.6iSoo;i 


^^9.6182809 

^9.6185576 
^^9.6i88j4i 


9,6 191 10 j  ^'95^7345 


1:69-^193864 
j7[9-6i9<622 

j89*6i9937S 
399.6202133 

4019:6204884 

ah' 


42J9.621038S 
4319.6213127 
44I9.6215871 
4^19.6218612 

4"6'9,622i3Si 

479.6224088 

489.6226824 
49I9.6229557 


509^6232287 
51 9*6235016 

j^9.6237743 
5  J9.6  240468 

5^9.6243i9C 
,6^.62*8629 


57&.6251346 
58^9.6254060 

59'9»6256772 

$0-9.6259483 


9.9590229 


9-9589653 

99589077 
9-9588500 

9*9587923 


9.9586767 
9.9586188 

9.9585609 
9.958533^ 

9.9584450 


,6207634  ?>95 8 3869 
[9-9583288 

9.9582707 

9.9582125 

99*?8ii;43 


9*9580901 

9.9580378 

9.9579794 
9.9579210 

9.9578626 


9.9578041 

9-9577456 
9.9576870 
9.9576284 

9-9575697 
9.9575110 
9.9574522 

9.9573934 
9-9573346 
9-957^757 

Sine.  I 


Tang. 

9*658704  J 


9-6590387 

9*6593733 
9*^597076 
9.6600418 
9*6603758 

9.6607097 
9.6610434 
9*6613769 
9*6617163 
906620434 

9  6623765 
9.6627093 
9.6  $30420 
9.6633745 
9-6637069 


9.6640391 
96643711 
9*6647030 
9.6650346 
9.6653662 

9.6656975 
9«666o2S8 

9.6663598 

y.6666907 

9.6670214 


9-66735  «9 
9.6676823 

9.6680126 

9.6683426 

9,6686725 


1 1  Secant.! 

10.04C9771  IC 


10.3412959 


10.3409613 
JO.  3  406  267 
10.3402924 
^0*3399582 
10.3396242 

10^3392903 
10.3389566 
10,3386231 
10.3382897 
to.3  3795  66 

1^.3376*35 
10.3372907. 
10.3369580 
10.3366255 
10.3362931 


ia33596o9 
1.0.33562^9 

10.3352970 
ro.3349654 
10.3346338 

10.3343025 
10.3339712 

10.3336402 

10.3333093 
io»3J29786 


10^326481 

10.3323177 

10.3319874 
10.3316574 

10.3313275 

ITang. 


10.0410347 
1010410923 
10*0411500 

I0.0412077 
10.0412655 


10.0413233 
10.0413812 
10.0414391 

10.0414970 
100415550 


100416131 
10.0416712 
10.0417293 
10.0417875 
10.0418457 


10.0419039 


10.0420206 
10.0420790 
10.0421374 


10.3822730 

ic«38i9p^p 
10.3817191 
10.3814424 
10  3811659 
10.3808897 

10.3806136 
10.3803^78 
10,3800622 
»o.3797868 
iO-379j_ii6 

10.3797366 
10.3789618 
10.3786873 

10-3784129 
ia378i388 


30 

29 
28 

27 
26 

25 

24 

23 
22 

21 

20 

19 
18 

17 
16 

15 


10,3778649 


100419622  10.3775912 


10.3773176 
10.377044} 
10*3767713 


10.042J 959  » 0.3764984 
io.0422544lio.3762257 


.10.0423130 
10.0423716 
;:S>04  24303 


10.375953^ 

10.3756810 

10*3754089 


10.3424890 
10.0425478 
100426066 
ro.0426654 
lp.0427243 


10.375*371 
10.3748654 
10.3745940 
ro.374322« 

10.3  7405*  7ljo 


14 

13 
12 

11 

10 

1 

7 

6 

J 
4 

3 

2 

i 


Secaitt.M 


u^ 


ikV 


65   Degrees^ 


i^« 


V 

1 
4 

• » 

,y 


A  Table  of  Artificial  SineSy 


^i|  Sine. 


3 
4 

"6 

I 

8 

9 

11 

12 

M 
«S 

17 
iV 

'9 

2C 

ai 


9.6259483 

9.6262I9» 

9,6264897 

9.6267601 
9.6270303 
9.6273003 


h9smsi 


9.957316^ 
9-9571578 
9.957098^' 
9-9570397 

9.95698oe 


9.62757^' 

9-6278^97 
9,628  lopr 

9.62837»2 
9.6286472 


9,956921^ 
9.9568623 
9.956803c 

9-95^7437 
9.9566844 


9-6289 1 6c 
9.6291845 

9.6294529 
9.6297211 

9.6299890 

9^302568 

^.6305243 
9.6^07917 


9.956625c 
9,9565656 
9,9565061 
9.9564466 
9.5563870 


9.9563274 

9.9562678 

9.9562081 

9.'63 10589  9-95^*483 


9.63i?2jts 


9.9560886 


9,6315926 
22  9.6318591 

9.6321255 
9.632391^ 
9*6^26576 


9.9560287 

9.95J9<589 
9.9559089 

9.9558490 

99557Sfc 


25 

24 

!! — — er 

26  96329233  9«9557259 

279^3318899-955^688 

2^9»623454^9-95S^j7 
2$49«6337i94|9-9555485 


9.6339844 


I 


9.9554882 

■ .  Ill  ^— ^ 

Sine. 


25  'Degreci, 


Tang, 


9.6686725 

9.6690023 
9.6693319 
9*6696613 
9*6699906 
9.6703197 


9-6729468 
9-6732745 
9.673602c 


9.6739294 
9,6742566 
9*6745836 

9.6749105 
9.6752372 

9.6755638 
9.6758903 

9,6762165 


tQ.33'3275 
10.3309977 

io.330'66«i 
10.3303387 

10.3300094 
10.329680} 


9.6706486 
9-67^9774 
96713060 
9.6716345 
9^6719628 

9.6729910!  I0.3277O9O 
9.6726190  fo.3273810 


10.31935x4 
10-3290226 

ip.328694C 

16.3283655 

10.3280372 


10.3270532 
10.3267255 
10.326398c 


10  3260706 

10.3257434 
10.3254164 

10.325089 

10.324762 


Secant. 

10,0417245 

ixD.0427^3- 
10,042842^ 
10*0429011 
10.0429603 

100430 1 94 

10.04307s  5 
10.043 137  J 
10.043197c 
10.0432563 

I00433M6 

10.C43375C 

10.0434344 

10.0434939 

10.^435534 
10.043613c 


10.0436726 
10.043732^ 

10.0437919 

10.0438517 

10.0439114 


10.3244.362 

10.3241097 

10.3237835 

9.6765426  10.3234574 


9,6768686 


9:6771944 
9.6775201 

9.677845<5 
9.6781709 

9.6784961 


10.3231314 


10.3228056 

10,3224799 
ro.3221544 
10.321829^ 
10.3215039 

Tang. 


;  10.04397 1 3 

io/)4403ii 
io>o4409ii 
iao44i5io 
10.04421  ic 


100442711 
10.0443312 
10.0443913 

10.044451 
10.044511 


0.37405 


i7P- 


7^o9F; 
5ioA- 


0,373 

0-3735 
0.3732399,5 

0.37296971^^ 
0.372699715^ 


o-37«4299,5': 
0.37216035; 

0.37189105: 

0.371621SC1 

0.3713528,501 


i" 


0.3710840.49 

a37o8l55*4^ 

"^•370547  »!4T 
0.370278946 
0.37001  lois 


0.36974324; 

0.3^947  5  7k^ 
6.369208342 
^368941141 
cw36S6742Ua 


0.3684074  <,, 
0-368140953 's 
0.367S745  57 
0.36760841* 
0*3673424^^ 


0.3670767I34 

0.3668111 

0.36654551321 

0.3662806  i!I 

o^365oi56|$5 

Sccant.P 


64.  Tkffees. 


>» .  •*  •-•>  • 


n 


Tangents,  and  Secants. 


i^ifi'lii     f^ 


2$  Degrees, 


U 


'31 
,3^ 

•  33 
•.34 

*— - 

3/ 
3^ 
39 
4£ 

41 
42 

43 

4* 

'4S 

r^ 
47 
4f 

45 
5<^ 


5lnc.  I 


;>.634249i 

;.63477^^ 
;.63  50425 

9-6355"69S 

P-^35«33V 
^.636096^ 
9.6363^01 
9.63(56231 


9.63688<9 
9.6371484 
9.6374108 

9.637673* 
9.637935 » 


5> 
^^ 

53 
54 
55 

57 

59 
6 


9-6384585 
9.6387195 

P.638981S 

9,6392425 


9,639503c 

9.639763-/ 
9,6400241 

^.640284^ 

9,6405445 


■? 


9.6408044 
9.641064c 

9,6413235 
9*6415828 

641842^ 


9.9554S82 


^,9^54280 
;.9553676 

9.9553073 
g.9552469 

9.955i«64 


^.9551159 
^•9550^53 
9.9550047 
9.9549441 
/95f8S34 


9548227 

^•95476»9 
9 954701 1 
p.9  546402 

[9.9545793 

9.6381969  9-9545' 84 


9.9544574 
^»9543963 
9«9543352 
9.9542741 


9.9542129 

9.95415*7 
>.9540904 

9.9540291 

99539677 


9.9539063 
p.9538448 

^9  5  378  3-3 
9-9537218 
;.9536602 


Sine* 


Tang. 

9^84957 


96788211 

9.6791460 
9.6794708 

9.6797953 

9.*68dii98 


9.6804440 
9.6807682 
9*6810921 
9*^^  1 4 1 60 
9.6817396 

9'6^2o632 
9.6823865 
9.6827098 
6*6830328 
6.683^557 

6.6836785 
9r68400i  I 

9.6843236 
9.68464J9 
9.6849681 

9*6852901 
9.68561ZO 
9.6859338 
9.6862553 
9'6865768 

9.6868981 
9.6871192 
\  9.6875402 
9.6878611 
96881818 


0.3215039 


[I  Sec^nt.l  I 


0.3211789 
0.3208540 
0.7205292* 


10.0445118110,3660 1  5  630 

1  ao445  72d(0. 3  5  5  7509!r9l 
10.0446324  ia3654863  28; 


o  3202047 

0.3198802 


10.0446927 

(10.0447531 
10.0448136 


0.3195560 
0.3192318 
0.3189079 
0.3185840 
0.3182604 


0.2179368 
0.3176135 

0.3172902 

0.3169672 

0.3166443 


0.3163215- 

0.3159989 
0.3156764 
0.3153541 
0.3 1 503 1 9 


0.3147099 
0.314388c 
0,3140662 

0.3137447 
0.3134235 


0.3131019 
0.31278CS 
0.3124598 
D.3121389 
0.3118182 


Tang. 

Tkgn 


10-044874] 

10.0449347 
10.0449953 

10.0450559 

io.D45ii66 


I0.365222TJ27I 


10.3649578 


10. 3  64693  8,2  ig' 


iao45i773 
10.0452381 
10.0452989 
10.0453598 
10.0454207 


24 
23 
22 
21 
20 
ia363ii4i  ip 

10.362851618 
10.3625891 17 

10.3623269  16 
10.3620649  15 


10.364430J 
10.3641665 
10.363  ;03i 
10.3636399 
10.3633769 


10.0454816  10.3618031 
10.0455426  10.3615415 
10.0456037  10.3612801 
10.0456648 '0.36101 88 
10.0457259 10.3607578 

10.3604970 
10.3602363 

J0.3599759 
«o.3597t5<5 
^0*3594555 


10.0457871 
10.0458483 
10.0459096 
10.0459709 
10.0460323 


10.0462167 
10.0462782 
10.0463398 


10.0460937  {0.3591956 
1C.046 1552 10.3589360 


10.3586765 
10.3584172 
io^8j^ 

Sccant.S 


14 

12 
II 
10 

"9 

8 

7 

6 

4 

3 

-2 

X 

6 


4- 


M 


Mi 


i. 


A  Table  of  Artificial  Sines^ 


2  6  Decrees. 


2,9.64235969.95353^9 


9.68882Z7 


ro.prj773] 


y 
10 


12 


10,3102169) 


3»y6426 18219.953475 >    9-^S9M3     0.3108570! 
4-9.6428765!9-95^4«34   9'6^946>.  ^0.31053^9 

^9-64339249-9532897|  9^9^^^^^ 
7^-6ja65c.4J9y532^7^  9-^590422^ 

aK.^439o8cb.95  3i65^^ 

644i654J9-953i03H 

6444226|y_95304_tj^ 

^^9  6446796'9-95^9797 

9.6449365 

9-645^93 
9.6454496 


Secant. 

10.0463  39  s 


21 

22 

H3 


9.690742: 
9,69»o6ie 
9^69  '3809 

9^-9' 7^ 

69201S9 

69233-^'' 
692656 

^J  9.  4S7c;c.f;J9>95^7J08J  9692975^ 

'^''   ~~       "" ■-^9;!2y3 

p  6936] i" 
9.69^  9  29  s 

9.iv4'47'* 


'6J9.'^4596i9!9-952668«: 
^';?9.6462i7S9.9S2«c6i 


10.3098970 
10  3095774 
10.3092578 
c  0.3089384 
10  ^086591 


10,0464015 
<  0.046463 1 
10,0465249 
1 0.046  5  8  6r 
10.0466485 


i:-35Sf5&G*7 


I 


~     i 


iow3S7899iu 


10.3576404 
io»35738i5 
10.3571235 

10.3568^-53 


t  'jubBooo 
ro  3079811 
1^^.3076622 

ic.3073435 
to.3070250 


f9 

2' 


9v^52H37 

9-9524«i 
9^952418^ 

.^5235^i 


9.646*>'.;) 
g.64698'44 

9.647779c 

9.6474945 

^    9.f4774y^^ 
2419.648003s 

;^  9.6482582 
'^^'9T6485i24  9-95"'*<-4^^ 


I' .3067  i66 
10.306388^ 
10.  J  060702 
0.3057522 


10,3566074 
10.3563496 
1 0.3 56092 

10.3558341^ 

1^-3555774 


V 


4-- 


10.0472692 


^.95229^: 
iP.y*)223IC 

J  95 i)6H'^ 
9  9  <  2  *  o  <  < 


9  95»97y9 
9.9519171 


27J9.6487665 
i\9M90203 
V9.^49274cb-95i854» 
Ji?9. 649  J«74  9-9577012 


r 


9£945^6l^£^3054U4j 
9.6^488^3   (1.3051167 


Sine.  |! 


9.6Q5  200v 

9.695S183 

9.695835 1 

;.^96i5?7 

9.6^6469- 
9.6^678^ 

■9«-97'0?' 
9.6p74T9h 

9.6977363 

r 


0.504799 
.  ,3044817 

10.3041645 
o.3'.384jJ 

10  30353O5 
0.303213, 
0.302806b 

10.3025802 
0.3012637 

Tang- 


10.0473315 
10.0475939 
10.0474563 

1G.0475187 
10.C475812 

10.047643B 

0.0477064 
10.0477690 

-0478317 

10.047894^ 


10.0467103 
10.0467722 

iac468342 

I10.046896V 
10.046958- 

iao47C203  ic.3553204 
10.047082^110.3550635 
10.047 1 447M  Q*  3  5  48069^4- 

io.o472o6*9{f  0.3  $45  5^^4' r- 

10-3  54038  iL 
^'^3537822'i 
*^3535265.;.| 
'o-353«7io^^  ' 
i2^3J32i56^j 

«o-^527^C5n~J 
i'--3  52505  v|,  • 
•v'>.3  5  2250*1  ;- 
*o?35*99^Y 

-0-351741^ 

.'0.3514S76!:- 
io»35i233^j3 

^0-350979:?- 
103507^60 

10.3504726 


iv..c47957-^ 
o  0480201 

0.0480829 

.C481459 

L  >o482Cbt 


S€canr. 


!i^* 


6  ^Degrees. 


TaHgetfts^  and  Secants, 

%6  Degrees. 

>^  Sine. 

Tang. 

Secant.]            1 

3    j.6497iio; 

!P:PS^7_9^s 
?T9ji7zS2 

9-6977363 

9  6yg^^ 

10. 3022637 
.0.3019474 

i,v482o8 
iao4827i 

11^0472630 
10.35011931^3 
10.349966228 

3-  =-«5co358 

^p  5 1.6651 

P.698JC87 

.O.JOI63JJ 

.0.0483349 

3    ;.6^02S66 

ii.95 16020 

P.6yg6847 

IO.3OI3IV! 

10.04839SC 

10.34971352; 

Jw  iM9'^l9' 

i.9515335 

9.6psn5cc6 

10  30:999-, 

10.04S461 

10.34946352a 

3.  J.6 50733c 
Jf-  j-6^  10444 

ei?li4757 
;.95I4>»4 

9-69^3164 
9.6996320 

10.300683'' 

ia30o36S' 

10  048524 

io.}492o8o2< 

(0^0485876 

10.348955624 

3;j.e5ia9e( 

?-95«3493 

9.6999474 

1O.3OC053C 

10.0486508 

10.34870342, 

3Si.«5l54Si 

?.95ia358 

9.7002628 

10.3997^72 

10.0487142 

'0.348451423 

3S?.6siilOO^ 

J.P5I2M4 

9.7005780 

1 0.2994'.'  2r 

10,0487776 

1034819962, 

■tS  'l^^illli.'' 

/ 9^11^9^ 

9.700R930 

10.299107c 

10048  84  K 

'2:3479479  20 

4i'.*-(S5i303s 

y.9510956 

9-701 2oyc] 

IO.2S1B793C 

10.0489044 

0.3476965  ,9 

41  J-*5a;u^ 
4.  ?.65a8c59 

J.95 10310 

9.7015227 

10.2984775 

iao48968o 

'o-3*7445»tS 

^  95C96S5 

?-70i8;74 

ia298i626 

10.04903 15 

13.3471941  17 

4W-'S5J05<S^ 

j.p5opo49 

6.7021519 

1C.2978481 

io.04y095j 

io.34«943a  16 

4^p.6SJjo75 

P.950S412 

6.^024663 

10.297  s?  37 

10.0491588 

ij.3466925,, 

4t  J.e53j5bi 

7'-910777'i 

6.7027805 

10.397319' 

10.049-225 

10.346441914 

47lf.653^o84 

9.95C713H 

9.7030946 

ro.2969054 

10.0492863 

10,346191613 

4^^.654-58': 

9,95t>'550C' 

9.70340&6 

10.3965s  U 

10,049350c 

10.34594141a 

4i  j.<554jd8( 

9.9505861 

S.70J7235 

10.396277^ 

10.0494139 

0.J45691411 

55  ;t,6545Jb^ 

y.95£i813 

6.7040362 

'o.>9«63*' 

LO.0494777 

IO-34S4416  10 

5'  ^,054.808. 

,.^504583 

9.7043497 

10.2956503 

.7 

10.34519.9   p 

5-^6^5057' 

9.9503944 

9.7046632 

1^.3953368 

^ 

10.3449415   S 

Yi  (.6553068 

J.9503303 

9.7049765 
9.7053897 

10.2950235 

7 

10.3446932   7 

5A  I'f",')',',','^ 

p.  95  03  66; 

10.2947103 

7 

•0.344444'    6 

5^  ;.6558o4b 

J  9502022 
?.p50t38o 

97056027 
^7059156 

10.1943973 

10.29408^4 

8 

'o.344i9?3    S 

5Cii65toj3( 

(O.3439464   4, 

57J-6563C3I 

J.9500738 

9.706!.  2  84 

10.3937716 

2 

10.3436979    ) 

5Sj,65iS55C5 

;-.95C0O95 

9.706541'^ 

10.2934590 

■\ 

IO.J434495   3 

i?"}.!!  J  6798; 

y.9499452 

9.7C6853S 

10.3931465 

10.3431013   I 

~  ^^4«fc 

^.9498809 

9.7071619 

10.2928341 

J 

10^39533  0 

bine. 

Tang. 

Secant,  u 

63  'Degrees. 

M  a 

A  Table  of  Artificial  Sines ^ 


o|9!657^p-949S8o9|  J9>707J<^SS 
"^|9-657294«9.9+98i<55   9.70747« 

219.^5754^39-44975^1 

-oUd^yySpS  9-9496 «76 
4l9.658o37i9-949<^230 

^{9.6  *i%  284a|9«9495585 

€'9-6585  31 -l?-949493^ 
7|9-658778c[9.9494*92 

^^•6590246  9-949  J645 
659271c  9-9492997 


27  Degreis. 

fang. 


^6595173  y.9492349^ 

9-6597634V-9'49«7oo] 
9.6600093 


9.707790^ 
9-708 102^ 
9.708414 
9.70872^5  ^ 

9.709^374 
9.709348- 
9.7096601 

9.70997 1': 
9^7102824 


10.292834/ 

IO.29152IC 

10.292209^ 

10.2918^7^ 

^0.2915859 

-(0.291274^ 


II  Secant. 


■ro.29C962t 
fo.290651- 
10.2903399 
ro.29po287 
10.2897176 


1^9.6602550 
149.6605005 


i  9.7»o5933 
9.9491051  l9'7>O904i 

t!  9.7"2i4S 

9.711J254 
9.7118358 


9.9490402 
y.uuu^uw,  9-94^975^ 
9.6607459g!91^_9i^ 


i39* 

^79- 


66o99ii|9'948845o 
.,,^.66i236ip-9487799 

18  9.66 1 48  icl9«9487 147 

19  9-6617257K9486495 
10  jj66£92Q2b»94M42 

7i9.6622i4«j  9*9485189 

a;i  9.6624586  9*94845  35 
2,9,66270269-9483881 

24l9.6629464l9-9483227 


1 0^2  8  94067 
fo»*2890959 
10.288^7^52 
tOt2884746 
(0.2881642 


10.050^191 

10.0501835 
10*0502479 
10*0503 1 24 
10.050377c 
10.0504415 


J 


10.34270^4^ 
10.3424577  < 

10.3422102  e 

10.34.196291^^ 

IOV3417I5S 


9.7111461 

9.7124565 
9:7127662 

9.7130761 


9.71 


I 


9,7136956 

??•  7 140051 

9.714314^ 
9.7146237 

9,7149329 


^5'b,66ctiQOC  9  9482572 

26*9  66 34 3 3 5|9-948 19 16  9-7152419  10,28475a* 


;9.66367S8^.9^|i26oj  |9.-7M55o8 

9199 
2o'9.664»62S^  ....,-.  ^.    ^^^^^ 
309.664405^  ?-9479289[|9.7i647<?7 


2X6641628  P.9479947     9.7161682 


Sine. 


33859 


10.2878539 
10.2875438 
10.2872338 
10.2869239  • 


io.o505o6i 
10.0505  70S 
10.0506355 
10.0507003 
10.0507651 

10.059830 
10.0508949 
•  1P.050959S 
10.0510248 
10.05  io89y 


10.2866-141 


ia2863044 
to«28  59949 
10,2856855 
£0.2^53763 
10.2850671 


to.34i4d^H;, 
10.3412220-, 

10.34097541;. 

10.340729:  «i 
r:.3404S27 

10.3402^ 

*o.3  3999^7 
*o*339745 
<  0*3394995 

'0.3392541 


-> 


10.2844492 
f  0.284 1405 
10.2838318 

102835233 

1  Tang. 


iox>5Ij55o 
10.0512201 
10.0512853 
10.051 3  505 
10.95.14158 

10.0514811 
100515465 
io.Q5i6ii9 
10.0516773 
10.0517428 


f 


10.0518084 
10*05 1 874c 
10.05 19396 
10.0520053 
10.0520711 


10.3  39008  9Li 
10.3387639J4. 
10.338519011.1 

10.338274.'-^  I 
10^33802954  ^ 

10.3377855:^! 

10.3375414  r 

»0-3372974!rl 

10.3370536::; 

to^33jS8io::-[ 

co-3}656i!5:  ' 
^0*33^3232 
10.3360801 
xj>335837s 

I0.33JT944 


I  - 


Secant.' 


da  Degrees. 


I 


T 


t  - 


^-iP 


^mammamt 


Tangents^  and  StcaMs. 


27  Degrees, 


Sine,  J 

^.6646482 
y'.664w9c6 
9.6651929 


ii 
V* 


9.6653749 

9.66s6i*8 


\2 


9.66585SC 

9,6661001 

9,66634  n 
9.6665828 

y.6668238 


9.6670647 
9.6673054 

^319.6675459 
^49.6677863 

^^[9.6680265 
f6j9. 668  2665 

9.6687461 

9.6689856 

,6692250 


9*9478631 

9  9^77973 

>94773i4 
9>9476655 

9-947  J995 


9-9475335 
9.9474674 
9.9474013 

^•94733  5  2 
9.9472689 


^9 


|0^ 


.6694642 
219.6697032 
I  3V.669942O 

;4'9.670i8o7 
^5*9^^67041^92 

•69-^7^^576 

;  7*9.670895  8 

|89-<57*i3^^ 
;9'9>^7i37i<5 

So'9.6  716093 


9,9472027 

9.9471364 
9.9470700 

9.9470036 

99469372 


Taog 

>9_i7i64767 

^9-7167851 
,9^7170933 

9-7 » 740  M 
9*7 177094 
9.7180173 


9.9468707 

9.6685064I9.9468042 
9.9467376 
9.9466710 
9.9466043 

9.9465376 
9.9464708 

^.9464040 

9.94^337* 
9.946270^ 


9.9462032 
9.9461362 
9.9460692 
9.9460021 

9.9459349 


9.7183251 
9.7186327 
97189402 

9.7192476 
9.7195549 

9-7i9'?620 
9.7201690 

9.7*04759 
9.7207827 

9.7210893 

9.7213958 
9  7217022 

9.7220085 

9.7223147 
9.7226207 

9.7229266 
9.7232324 

9.723538J 

9.7238436 

9.724149c 


Sine 


149 

nl 


9.7244543 

9«7«47595 
9.7250646 

9.7253695 
9*7256744 


0.283523: 


0.2832149 

0.2829067 
0.2825986 
0,2822906 
0.2819827 

0.2816749 
0.2813673 

o  2810598 

0.2807524 
o.28o4^jl 


0.2801380 
0.279831c 
0.2795241 
0.2792173 
0.2789107 


C.2786042 
0.2782978 
0.2779915 
0.2776853 
o.277i793 


0.2770734 
o.  276767(1 
KX2764619 
a^76i564 
0.275851c 


a27$5457 
0.275240^ 

0.2749354 
0.2746305 

0,2743256 

Tang. 


62  Deffees, 


Secant. 


0.0 


O.C 

ao 
0.0 

0.0 

0.0 


0.0 
0,0 

o,o 
0.0 
0,0 


o-o 

0.0 

0.0 
0.0 
0.0 

0*0 
oc 
0.0 

0.0 

0,0 


0.0 
0.0 
0.0 

0.0 

0.0 


O.0 

0.0 

0(0 
0»0 

ao 


2071 1 


21369 
22027 
2;686 

23345 
24005 


24665 

25326 

25987 
2664?; 

273" 

27973 
28636 

293C0 

29964 
30628 


31293 

31958 

32624 

33290 
33957 


346:4. 
35292 

359<5o^ 
36629 

37298 


gj35_1944^ 

c.33535i^ 
0.335  IC94 
0.3  34^67 1 
03346251 
0.3343832 


30 

29 

28 

27 
26 

25 

0.334141424 

0.3338999(23 
22 

21 

20 


0,3336585 
0.3334172 
0.3331762 


0.3329353 
0.3326946 

0.3324541 
0.3322137 

0-3319735 


0*3317335 
0.3314936 

0.3312539 

0.3310144 
0.3307750 


0.33053^8 
0.3302968 
0.3300580 
0.3298193 

0.3295808 


19 
18 

17 
16 

15 


14 

13 
12 

It 
10 

"9 
8 


37968  J0.3293424 
386^8  10.3291042 
39308  10.3288662 

39979I10.3  286284 
406^11 


10.^483907 

Sccant.}M 


\7 

6 

i 

4 

3 

2 

X 

o 


4  Table  ef  Artificial  Sines^ 

28  "Degrees. 


Sine. 


2 


;.67 16093 

b.672c84» 
^9.6723213 

4  ^.67255^-; 

5  9.6717951 


8 

9 
10 

mm 
it 

12 

16 
17 

2g 
21 

2: 

2"6 

27 

28 

*9 
3<^ 


P-94S^349 


9.945807, 
9-9458oo^ 

9.945733'^ 
99456659 
y.9455985 
y-9455?ic 
99454636 
9.945396c 


p.6730J5i> 
p.6752684 

^,673504? 
a67374c9|9-9453285 

P'67  3976s 
9-^7421?^ 
;.67444^5 


9,9452609 


iTang- 

9-72_5_6244 

9.7259791 
9.7262837 

9.7265881 

9.7268925 

9.7171967 


I 


10.2743256 

10-2740209 
10.2737163. 
10.2.7341 19' 
10.1731075: 

10.2718033' 


96765623 

9-6767963 
9*6  770301 

9,  77264c 
96774975 

^6777309 
9.6779642 
9.6781975 
9.6784301 

9.6786629 


9,727500^110.2724992 
10*2721952 
10*2718913 
10-2715876 
10.2712839 


9.945193' 
9>945i255 

9.674684019.94*50577 

9.6749194  9*9^9^99 
P.J67  5 1 546)^9449220 

9-^753896  9-944854» 
^.6756245  9.9447862 

9*675859'  ^-9447182 

>.676o937  9-9446501 

^676  3  28 1^^944582^ 

9-9445*39 
9.9444457 

^944377') 
^.944309  2 

9944*409 

9.9441725 
9.9441041 

9.9440356 

994^9671 
9.9438985 


I9. 7  278048 

I9.7281087 

9.7284124 

9^7^7161 

9.7290196! 
9-729323C 
97296263 

9*72992^5 
97302325 


Sine. 


9-7305354 
9,7308383 

9.73  1 1410 

9.7314436 
9.7317460 


97320484 


10-2709^04 
10.2706770 
10,2703737 

10.2700705 

ic.26#7675 


10  2694646 
ro.2691617 
10.268S590 
10.2685564 
10.2682540 


ia26795i6 


9.73  23  jod  10.2676494 
9,732652710.2673473 


9*7329547 
9733256^ 

9»7335584 
9.7338601 


10.2670453 
10.2667434 


{0.2664416 
10,2661399 

9.7341616(10.2658384 

97344631 

97347644 


becanc 

0.CS4065 


IO.O54I3-- 

10.054199. 

I  0-044  266  c 

10-0543341 
fO.0544015 


«o  o;446yC 

10.054^364 

10.054604 

10,0546715 
i0C5473£j 

10.G548C6S 
10.0548711.5 
10.05494Z3 
10.0550101 
10.0550780 


1 


10.265509 
10.2652356' 

TangJ^ 

61  D^rees. 


10.0551459 
10.0552138 
10.0552^*18 
10.0553499 
10.0554179 


10.0554861 

^o-oj55542 

10*0556225 
iao5569oJ* 
IOOS5759 


10.0561015 


o.32hi53^.y 
io.3279i5yU 

10.3270787 < 7 

^0-3274417  c 

to.327204^^' 

10.32673 16'<: 

10.326495  ^I^i 
''-.316259151 
fO.3  260231  f: 

10.3257872^:^ 
io.32555154 

»^3»53i6j^: 

10.^250806-;-' 

10^248454^4^ 

10.3  246  J04|44 
'0-324375  m: 
«o*324i4Ci.4- 

'0,3  239063141 
10  323671^^: 


^^5234377,^^ 

10.323203713 

*o.32296j^^'r 
10.322736^:' 
^^3^gS02s^- 

10.32226^134 
10.322035833 

10.32IS02S?2 


10  055^^275 

i0.o  5  5.89^9 
10.0559644 
io.o56o32y|io.32i  5699J31 

i 


io>32i337i 

Secant. 


t^Martkn 


TangentSy  and  Secants. 


2&  Degrees. 


^'^  Sine. 
^9.6786629 


31 

33 


9.6788955 
9.6791279 
9.6795602 

^4  9-6795923 
9^6798243 

9,6800560 
9,68o2877 
9.6805191 
9.6807504 
.6809816 


U 

}^ 

i7 

iS 

39 
40 

4* 
42 

43 
44 
45 

479.6825952 


9.6'8i2i2d 
9.68144^4 
9,6816741 
9.6B  19046 
9.682x349 


9.9438985 


9-9438299 
9.9437612 
9.9436925 
9,9436238 

9-9435549 

9^9434861 

19-9434172 
9.94334^2 

9.9432792 
9-9432'02 


^4S 
49 


5c  9,683284319-9425 '7» 
^jl.6835137 


9.682525c 
9.683054S 


5  2  9. 6S  3  7430 
539.683972c 
54  9.6  8420 1  c 
559.6844297 


9.943  "41 » 
9.94307Z0 
9.9430028 

9-9429355 

9V4c?8643 


9.682365  ip9'9427949 

99427255 
9.942^561 

9.9425866 


9.9424476 

9-9423779 
9-9413083 

9.9422386 

9.9421688 


569.6846583 
579.6848868 
589.68511^1 
599.6853432 
60  9.6855712 


9.9420P90 
9*942029 1 

9.9419592 
9.9418893 

9*941^193 

Sine« 


I  Tang. 

9-7347644 
19*735^656 

[9»73536^7 
9-7356677 

9.7359685 
9:7362693 

9.7365699 
9-7368705 

97371709 

9-737471'^ 
9-73777  U 


ta2652356 


10.2649344 
10.2646333 
10.2643323 
10.2640315 
10.2637307 

10.2634301 
L0.2631295 
10  2628191 
10.2625288 
10.7622286 


9.7380715 

9.73'837U 
9.7386713 

9-73897»^ 
9.7392707 


9.7395702 
9  7398696 
9*7401689 
9.7404681 
9.7407672 

9.7410662 
9,7413650 
9.741663S 
y.7419621 
9.7422609 

9.7425594 
9.7428577 

9.7431559 
9.7434<40 

9-7437520 


<o.26i9285 
10.26  l62S<^ 
;io.26i}287 
10.261029c 
10.260729  J 


( Secancj 

10.0561015 


10.0561701 
iao562388 
10.0563075 
10.0563762 


ic.  2^04298 

10.2601304 
10.2598311 

10.2595319 
10.259732b 

10.258933S 

10.258635^^ 
iai583362 

10.2580376 

iai57739> 


10.3213371 


30 


10.3211045  29 
10.3208721  28 
10.3206398127 
10  3204077 


26 
10.0564451  ia32oi757  25 

10.0565139 

10.0565828 
10.OJ66518 


10.319944024 
10.3197123^23 
10,3194809 


10.O5672C&  10.31 92496 
10^0567898)  10^90 1  (J4 


to  0568589110.3 1 JI7874 
10.0569' 80 10.3^85566 


fo.2574406 

10.2571423 
10.2568441 
;ia256546o 
10.256248c 

Tajig. 


10.3183259 

ia3 180954 
ia3i7865i 

10.0572051   10*3176349 

10  0572745  10.3 174048 


10.0569972 
10.0570665 

10.0571357 


10.0578312 


10.05762213 

10.0576917 


io.o5797<^9 
10.0580408 

^0.058 1107 

iao$8i8o7 


10.3171750 

10.3169452 
10.3167157 


10.3162570 
10.316028 


22 
21 
20 

19 
18 

17 

16 

11 

14 

VI 
12 

tu 

1.0 


10^)573439 
10.0574134 

10.0574829 

10.0575524  >o^3i64863|'9 

8 

7 

6 

J 

4 

3 

2 

I 


10.0577614  10.3157990 


i 


10.3155703 


10.3579010,10.3153417 


10.3151132 
1^3148849 
10.3146568] 


10.5144288^ 

Secant.M 


61   Degrees^ 


■w^ 


mmm 


mw'^m^^^ 


I  f 


■  > 


1 .' 


A  Table  af  Artificial  SineSj 


29  Degrees, 


' 


VJ 
r 

I 
S 

3 
4 

7 

8 

9 
( 

I 
2 

•) 

6 
7 

9 

2C 

f 

12 

^> 

24 

25 

2^6 

27 
2S 

29 


Sine. 


^.6855712 


p.6857991 
p.6860267 
^.6862547 
9.6  8  648  Id 
^.6867088 

P.6869359 

;.687i62S 

?,687389s 
;.6876i6i 
;.687842c 


P-68S068S 
;.6882949 
;.6885209 
^6887467 
^^889723 

>689i97S 
;.6894232 

^,68964^  4 
;.68987?4 

P.69009B3 


p.9418195 


p.941749/ 

p-94f  679 1 

9.941609G 

9.9415988 
>>.94i4685 

;.94i3982 
p.9413279 

^9412575 
9.9411871 

9,941 1166 

p.94 10461 

P>94o9755 

P.94O9048 

9^p8j4: 

p.9407634 
p.9406927 

p.94o62r9 
9.9405510 
9.9  404S01 
^,9404091 


^6903231 

9.6905476 
^•69077  21 
9.6909964 
9  6912205 


9.6914445 
9.6916683 
9.6918913^-939839^ 


p.9403381 
9.9402670 
p.9401959 
;.940i248 
; 9400?? 5 

p.9399823 
9.9399  wq 


9.6921155 

9.6923388 


9.9397682 

P.939696S 


Sine. 


Tang. 

9>74375^ 

p.7440499 

9-7443476 

9.744645  3' 
9*7449428 

£274524031 


9,7455376 

9  745Sj49 
9.74^1320 
^.7464290 

p.7467259 

9.7470227 

9.7473194 

97476f6c 

97479125 
97482089 

9.748505 
9>7488oi3 

9-7490974 

9.7493934 
9.749689 


9.7499850 
P.7502806 
9,7505762 
p.7508716 
y.75 11669 

;.75 14622 

9-7517573 
9.7520523 

9.7523472 
;,752642c 


0.2^62480 


0.2559501 
0.2556524 
0.2553547 
0.1550572 
0.2J47597 


0.2544624 
0.2541651 
0.2538680 
0.253571c 
0.2532741 


0.2529773 
0.2526806 
0,2523840 
0.2520S75 
0.2517911 


0.2514948 
0,2511987 
0.2509026 
0.2506066 
0.2503108 


0.2500150 

0.2497J94 

ro.2494238 

0.2491284 
0.2488331 


0.2485378 
10,2482427 

ro.2A79477 
0,2476528 

o.247358r 


Secanc. 


ou>58iSo/ 


0.058250b 
0.0583209 
0058391c 
0058461S 
0.0585315 


0.0586011 
0.05  86721 
0.0587425 
0.0588129 
00588834 


0.0589539 
0.0590245 
0.0590952 
0.0591651 


0.0593781 
0.0594490 
0.0595199 


0.0598041 
0.0598752 
0.0599465 


00600 1 7;i 
Oio6oo89C 
0.0601604 
0.06023 1 S 
0/D603032 


Tang. 

60  Degrees. 


0.31442& 


k 


0^3142009,'  9 

0.3 » 39733^  ; 

0.313745^'jH 

a3i35i84^^-, 
o.3i3a9i2:<'* 


o.3i3c64i.« 

0.3I28372'<: 

OW3126105I-- 

0.3123839JC 
0.3121575'=^ 


0.3119315:.:, 

0.31170514' 

'^•3"479il-* 
o»3ii2535-:*^ 


0.059236^^  €0.31 10277L1 


0.0593073 10.3  ic8o22J,; 


io.3i0576'>4 
10.3 10351^.;  2 

ia3ioi266Ui 


ij^o^5^95909  ICW3I009 1 -f,^ 

0.0596619 
00597330 


10  3094524;*  i 
ia309227^<  '; 

10.309003*,  ^ 

10.308779;:; 


IC/.J0S555* 

10.3083317 

10.308  loS  J 
10307884-: 

1030766 1  lUl , 

|Secant.|  , 


^  laoiz 


oj  ^ntpctai  stneSj 


4.  «^  «  *  «> 


'::: '  ^^o:Dep'ees: 


op 

1 


Sine. 


9.69918879.^.374577 

219.69940739.9375^47 
3|y.699j5^g9..9573Ti^ 

4 9.<599S44i  9.9^7235.5 
29^70^622  9-937 » 65 3 

^9.700*802  9.9370921 

79.70049^1  9'937oiS9 
^9.7007T5S^    -^--   - 


V  9,7099334 
*c  9,701 1 508 


«-* 


9-9369456 
9.9368722 
y.9  367988 

^^*9*70i368i  9.9367*54 

^2  9.7oi5852|9.93665i9 

"9.7fi)8o22j9-9365783 

« 419.7020 1 9d9-9365D47 

^6'9.7024<23W3^3574 
17 

18 
'9 


9.7026687/9.9362836 

9.70^8849p%9362C98 

9.703 101 1|9.9  361360 

**"  9. 703  3 1 70^-9360021 


Tang.f 


-J 


p.76i4394'»ot23856o6' 

1.0123^26^9 
ia2379773* 
10.2376858 

^0.2373944 
10.2371031! 


9.76173*^ 
9.7620227 
9.762314.. 
9.762605^ 
9.7628969 

9.763188] 

9.763479'- 
97637705 

;9.764o6ii 

190^643529 

[9.7646427 

9.7649334 
9.7652239 

9*7655143 
97658047 


Secant. 

10.06  2469^ 


12 

23 


9.7660949 

9-7663851 
9.7666751 
9.7669651 


10.2368119' 
fo.2365208 
IQ.2362298 

f  0.23  59388 

^Q  2^59480 
10.1353573 
ro  2350666 

^'^•234776! 
10.2^44857 
'0.234195J 


10,0625423 
^0.626153 
1 0,06268  84 

1 0:06276 1 5 
10*0628347 

10.0629079 
10.0619^1 1 

10.0630544 


iox?63i27o  10.2990666  < 


*  "-23 3905 1 
10.2336149 
L0.2333249 
0.23303491 


24  9fc704i?95  5>-935766c 
3^?7?4jg47  99356918 


9.767255c  1.0.232745c 

I   ■■         1 


9*7Ct?53W^P3:' 98811  9»767$44*f*o.432455  - 
9.70374&6p*?359^'4'H  9.7B78344|^»232i65^ 
^•7*03935i*^.935^o"i'|  9.7J55iz4cjio,23i876o 

9.7<$84i3<jjiQ.23ij865 
19^7^70291 10*2312971 

9«7689922|io.23 10078 
9.7Jt928i4Jfo.23.>7i86 
9.70957oJf.a23O4X9^ 

9^7fe8596liai3oi404 
9*770  i485|io.2298^i5 


7046o99j9.9356i77 
«704ds48kr.93$54g4 
2WQ;7o50a92  9'93546$i 
2%>  .705  2545  9^9*^«W8 

?Q[9 .7054689  9.93  ^  ^  204 

:  Sine. 


J 


»^*30t03ooS: 
•0.3008113^- 

lO,3CCrj927,'5 

iO.30O3742J5 


5^ 


IO.c6}20ISj 


to.3001559 

IO.S997I9M- 

10.299501  d^; 
1 0-2992^42  yl. 


10.0632746 
10.0633481 

iao6342i7 
10.0634953 

[O.o6308y 

10^63^426 
10.0637164 
10.0637902 
o.o63tJ64cjiQ.  2968989 


£2:^29^8492  c( 

10. 29^163.911^ 
io.2984i4sL^ 
10^2981978^4- 
io.29798iQ[|e 
13.2977^4. 

10.2975477 

^^29733134- 

10.29711^^4.; 


Tang- 


^9MP 


100639379 

10.0540119 

10*0640859 
10.064159^ 

43.0642340 
100643082 


io*2966«3oJ4i 

10.296467 
10.2962514!^ 
10.296035937 
I0.2y5g205  3C 

:gj95fe53  35 
ro.2953901  34 
ro.29si752  35 


10.06458^3 

10.0644^66 

10^^645309  '0'a94Q6a3  32! 
i(>664$D52|io.^947457  3i| 
tcfc064679y -0^29453,  ,)3c 


SqcancjM 


«•  • 


'"y 


Jfif.-/-    v 


.m.\m 


'4es^ 


AVUATf*^    0X> 


Tah^entsJ  aiid^cants. 


aa'De^regs.  - 


Sine. 


j.7C^46!i; 


5-70s8y7^ 

?.7c6325i 
j.7c653g^ 

y. 7069067 

J-7073933 
,-.7o76c6^ 

^.7078194 
9.7080325 
9.70824^": 
S-7o84$75 


^■708669^  j.gi4 

j.7oitSHai 

,.709094; 

?.7c?3o63 

^7C95i8 

;.7^9739^ 

?.72994I^ 

J.7ioi^ai 

>-7ioj64 

^71057^3 

).  7 107863 


^7ios)9' 

^■7ii3oSc 

1,7114  " 
).7il629Q 


9^^3204 

J-935a4« 
9.935 171 5 

9-9  3  509*59 

i,.9350223 

^93494^7 

p.  9  3  487  30 

.  :J.934798S 

'  J-9347»31 

^.9345486 

?-934S73S 

J.9344988 

J.9344238 

9.9343488 

9.93427^7 

.1986 

'{9-9341234 
J  9.9340482 
?.?3397'9 
9.9^38976 
9.9^38222 

■9 -(3  7  467 
.93)36713 
.■i?335957 

?.p3J520I 

?933444i 


?.9333fi88 
».9JB=9'3' 
9.9393 1  Jj 
9-93b'4if 
J.9330g5'i 


Sine. 


Tang. 


9^01485 

9-7704373 
97107261 

97110147 

977'33)3 

9-77  18S0, 
9-7721684 
9-7734566 
9-7727447 
97730327 
977  33206 
9'773<^84 
P.773S961 
9.7741838 
9-7744713 
9.7747588 
9.7750462 
9-7753334 
9.77562C6 
9.77  s  907  7 
9.7761947 
9.77648.4 
9.77,67485 
9.777055a 
9.77734  " 


9.7776284 


10.2298515 
10.22956  »; 
10.2(192739 

10  aH6967 
10.2^84083 
io.as8iip9 
ia.3278311: 
10.2875434 
to.2a725;3 
102469673 
10.2366794 
10.2363916 
I0.22$I039 

13.2}i;Sl62 
IO.2JS5287 
10.2t^a4I9 

10.21495  sf* 

10.2246666 
10.2243794 
10^40923 
10.2338053 

i&.2i35i84 

I0.2tj23|^ 

10.2129448 
102226582 


3.2223716 


9.7779149  io.2?ao85. 
9.7783013  10.2317.98$ 
977§4875  lo.2«i5i25 
9J7i7jir  ro-'2Ji236^ . 


Secant. 

io.t>6467ya  10,994^7 


ijy  "DegTeer," 


N  2 


=1' 


«v 


A  Table  of  Jrtifkial  Sines, 


3!  Degrees. 


4I9.7 1267929-95^7^16 

%7 1 28889  0.93  26854 


37*10, 


I 


9*7793459 
^•779631^ 
97799177 
9.7802094 


9.780489^1 
9.7807747 
9.78io6.0'4 

9-7^1345^ 
9.7816309 


9.7819162 
97822013 
9.7824864 


99.71372609.9323^04 

^2, 9*7139349  »»9  9^3040 

«W9-7 1414379-93312276 
*^9-7i43y24  9-932i5ii; 

•  ^  9*1 145609  9-9320746: 
*^9-7U7693  9.93>998o  9«78277i3 
IJ9>7149776(9«93^92I3  9  783Q562 

9-78334*>.t 
9.7836*5* 

„.,-„_,__     .     ,9'7839^VP4 
'9  9.7158092  9.93i6i43'l9^7844949 


«6*9.7i^ig57|9.93i8447 

IZ&-7I51937  5>-9J  17679, 
*^&-7i'$6oi5  9t93»69ii 


y9>7'6oi68  9'93'5374 


9.7162243 


9.7844794 


9,9314605. 


*^  9.7164316  9.93i^3.«^5j  9.7850481 
^59.7166387  9.9513065  9.7853323 
^9-7i6845».93 12294  9-7556164 
1?  9.7170524^9111522}  I97859024 
26 


9.717259^ 


:  » \ 


221I26; 


rang, 

778773 

7790599|io.22094oi 
ia22o654i 
10.120368s 
(a  2200823 
10.3197966 


I  Secant. 
1 10.0669  344 

iao6  70103 
10.C670863 
100671624 
1^0672384 
10.067314^ 


( 0.2 1 95 109 

(O  2192253 
La2i99398 

(02186544 
16.2183691 

io*2i8o»38 
102177987 
10.2175136 
10.2172287 
102169438 


9.7847638 


93,«075P  9.7861844 


^79.71746609.9309978, 
L^^  9,71767*5 '-93092.05,     .       _ 

[299.7178789  9-9308432  97870357 
?4).7i8o8<i^307658j|>,7873j93 


Sine, 


r 


L3.2166590 

10.2163742 

102160896 

0.2 1 5  805 1 

10.21 5  5  2C6 


10.067  390S 
10.0674676 

10067^433 

10.067619^ 
100676960 


02152362 
10.2149^19 
10^2146077 
102143836 

|p>2 140^^96 
10.2138156 


9.7864682  10213^5318 

9^867520  €02132480 

102129643 

io«i263o7 


fTang, 


iC.0677724 


\ 

r:^288g6t?7^ 

10&879505  7^^ 
103877404  58 
10x87530^57 
10287^20956 
f0287iiii|5s 

iO.:*H690f754 
1028669235; 
102864831^3 
10286274^5] 
10286J65 1  5d 

tO.2858563  ^ 


io.o6Soo2c 
100680787 


100678489  ^^285647^  4b 

100679154  ^0.2854591  47 

-    '^'       102852307246 

10.2850224  45 

10284814344 
10284^6063  43 
10284^985  42 
102841008  41 
1028398324c 

ioo68j395  102837757  ^ 
100686165  10.2835684  |b 
10.0686935  ;io.28336i3  37 
i  0.0687706 102831543  36 
io.o68»47S  102829474  )5 


16.0681553 
10.0682321 
10.0683089 
10.0683857 
IOJ3684626 


10^89250  102827406  34 
10.0690023  itO2f25340  M 
10069079J  102823275 1 

1006915601102821211 V 
10.0692342110^8^914^  3c 


SrcantJ 


•  V « 


$8  *Be^€gs. 


TSrs 


I  r'j'i.. 


^99fmmn^^m 


:  I 


MM* 


Tangents^  and  Secants. 


^  I  Degrees. 


Ml 


^op.7180851 


3,  9.71^29 1 2 

32  9«7i8497i 
n9.7>870j[0 

j4  9.7 1 89086 

^s9'7>9H4g 

i7  9.71^5249 
^89-7»97.3oo 

J9  9-719935^ 
^0  9'_72ci  399 

^19-7*03447 
429*7205493 


99700^83 
9-9306109 

9^9305333 

9*9304557 
9.9205781 

9-9303004 
9*9302226 

9^30144^ 
?.930o670 
9.9299891 


n 

9/7871^ 
9,7876028 

9»7^«863 
9.7881696 
^•7884529 
9-7887361 


4,;  9.7211623 


;6|9.72f3^64 

4797215704 
48  9*72 1 7742 

499.72*9779 

50  9^722' 8 14  9^9292073 


[5197223848 
$297225881 

53  972279 » 3 

54  97229943 

55  9723^972 
5697234000 
579.7236026 

5897238<^5» 
59I97240075 
.7242097 


9.9299112 
9.9298332 
I 


+397107538  9.929755 

449.72091581  ^^929^770 

9.9295989 

9.9295207 
9.9294474 

9.929364  • 

9.9292857 


9.7890192 
9.7893023 

97895852 

9.7898681 
9.7901508 


9-79043?  5 
9.7907161 
9.7909987 
9.7912811 
9.7915635 


9.9291289 
9.9290.504 
9*9289718 
9.9288932 
9.9288145 


9.9287358 
9.9286571 

9.92*5783 
9.9284994 

9.9284205 


Sine. 


9.793  J  378 
9.7938195 
p.794101 1 
9*7943827 


9.7946641 

9-79494$5 
9.7952268 

97955081 

97957S92 


I 


a2 126807 


\  f^^^^"*^ 


0.2123972 
0.2121137 

0,2118304} 
0^2115471 
a2ii26j9 

0.2109808 
0.2106977 
o  210414S 
0.2101319 
o.  709849  2 

»o.2095  665 

TO.  2092839 
10.2090013 

ia2o87]89 
10.2084365 

10.2081543 

10.2078720 
lip.2075899 
to.  2073.07^ 
10.2070250 


9.7918458 
9  792128c 
9*7924101 
9.792692 1 

9.792974J 

97932560!  >o.  206744 


la  206462^1 
10.1061805 
ia205898g 
iax056i7^ 


'0.2353359 
10.2050545 
ia2047732 
10.2044919 
to.204210" 


10-0700888 
10.0701668 
10.0702449 


10.0692342 


10*2819149 


10*0693117  10.281708b 


16^069389 1 

[0/D694667 
(O.0695443 

10.^696219 

10/369699^ 

10.0C  97774 
10.0698552 


10«2bc6b04 

10.2804751 

10«28o270C' 

10.0699330110.2800550 
ro.0700109 


10.0704011 


I4? 

*9 
^81^ 

^7 
26 

H 

22 
21 

10.27986.1  zo 


ia28 15029 
10*28 1297c 
102810914 
10,280^85^ 


10.2796553 
10.2794507 
10.279246 


10.0703230  10.2790419 


ia2788377 


400704793*0,2786336 


iio  0705576 

10.07063  59 
,10.0707143 
iao7o7927 


10.0708711 


,100711855 


10.278429^ 
10.2782258 
10.2780221 
10.2778186 


10.2776152 


10.0709496  10.2774119 
io.0710282  to.2772087 
^1.0.071 1068  40.277QO57 


10.2768028 
10.2766000 


L8' 

Tang.  It 


10.3712642 

io.07i3429Jia2763974 
10.07 1 4217110.276194$^ 
T0.07 1 5oo6Jio.2759925 

iao7 15795110,275790312 

I  Secant,  m 


17 
16 

14 

»3 
12 

1] 
10 

8 

7 
6 

J 

4 

3 
2 

1 


58  iVg^^^^* 


i 
i 


■  •        •. 


A  Table  &f  Artificial  Sines, 


0  9.7243097  9*92^4205 

1  9.7*4410  ?-92834i'5 
«  9«7246i3S  9.9282615 
39.72481569.928183^ 

4  9»7250i74  9.9281043 

5  9*7252i8v  9.9280251 

6  9-7254204  P.9279459 

7  97256217  9-927H<^66 

8  9.7258229  ?.9277873 

9  9.7260^240  9-9277075^ 
ic  >7252249 
u  9'7264T57  9.9275490 
12  P.7266264  9*9274695 
I J  9.7268269  9«9273899 
14  9.727-2-73  9-9^73 »o3 
ij  9.7J72276  P'927*ao6 

(9-72742789.9271509 
17  5.72762789.9270711 

19  9.7280275  9-92^9ni 
2f  97282271  9^92^8314 

u 

21 

24  9.72902449.92^5^^^ 

25  9.7292234  9*92^4  jic 

2!  p.729422  J  9.S>'2635o7 


2797^96211  9.92^2704 
23  97a^«979-926i9'>i 
29  9.7-500185  9*9861096 
3d  9. 7302165  9*926ogg2 


.— ^— ^— ^— ^-^    ^  ^  «   ■        I      ^M^W.^^ 

9  7 284267 99267 5 1 4^ 
9.72862609.926671^ 
9.72882539*926591^ 


i 


i 


Sine. 


9.7957^92 

9.796070^ 

p.7963513 
9.7966322 

9^7969130 
97071938 


9>7974745 

97977551 
5.7980356 

y-x'/z^/y    9»79o3l6c 
9^2  7^22^,  979859  64 

97988767 

97991569 

97'99437Q 

97997 ' 7P 
97P999TC 

9.8002769 

9.8POJ567 
9.^008365 
9,8biii6i 
9.801.39-57 

^.8016752 

9>8oir954e 

9-8t>]2234 

9.8f>25i33 

9,8027975 

^^30716 
9.8c  3  3  5c 


0.2025255 
0-2022449 
0*2019644 
0-2016840 
ic'.2'd  14036 


6.204210" 


0.2039292 
0*203  648  7 
0.2033678 
0.2030870 
0.2028062 


0.2011233 
'0.2008431 
0.2005630 
0.2002830 
0.2000Q3C 


t).l9p723i 

0.1994433 

0.1901635' 
0.1988S39 
0^1986043 


oJ98324li^' 

0.1980454 
0.197766c 

6.1974867 

0.1972075 


Owi9f9284 
^^,  -  0.1966494 
9.8036296  10.1943704 
9.8939685  io,ro€o9i5 
9.8041^73  lO.i^jS  127 


10.07165^5 

10.0717375 
10-0718166 

10-0718957 

fO.Q7T9749 


Secant* 


10.0715795 


'^27s7903'6o 

io,2755i<8*'79 
10,275386258 
I0.a75ig44!s7 

io.27498'26.56 

1 0.2 74781 1  ^5 

10.274579654 

iO.2  7437835  3 

I0.374177I52 


J  0.07  205  41 
10.0721334 
10.0722 127 

10,072292110.173976051 


10071371^^0.27377^  50 


10.07245  iclio.273574349 

J  0.07  25  305  10.27  3  37  364ii 
io.a726foi  i'>*&7Bi73i47 
10.0726897  10.273972746 
io«d727694ttaiy277t4  4  5 


10.0728491 10.2725722H4 
1:0.0729285, 10.2723722^43 

10.0730087  10«272I723|42 

16.6730886  10.27I9725J4I 
10.0731686  10  271772^0 

10.4)732486  10,271 5733)39 
10.0^33286  10.271374^138 

io;0734087  10.271174337 
ipi073488&  10.270975613^ 
140735690  10.2707766  ?5 


h\ 


10  0736493 10.2705777  14 
10.0737196  IP.270379G  33 
lo.r^7j8099  10.2^^0180^32 

id.b&ia994  ip«^699gi 
io.oi739768l  0.2697^^5 

ecanc 


4  ip. 


1>^i 


Tangents,  and  S teams. 


.^ilDegrees. 


"Secant 

io.-i7iP7oS 

io.j6?7!j3, 

io,...74ov3 
io.C74,3if 

I0.074il2< 

10^74^93, 
'0-^-743739 

10.^69585. 
ia?6p387i 
ip.a6g(89i 
10^1689915 

iOv26879^ 

5.75v£^fM_ 


.  Ttngmts,  and  Secants. 


33  Degrees. 


VII  5tne. 


iC  ?.74»*S>^  ?.92lio66 


743fi02a  J-92035I9 


-').74«»'>i 
'°  )-74«>»9! 
57,.„7,8«S 
''M47!74! 
Wp  747^617 


Sine. 


Tang. 


p.8210^74 
9.Sai3J"7 

9811"  , 
9-823  ij  4  j 

,      324JS£ 

9.8227026 
9.8229766 
9.8232505 
9^8135344 
M23798 
9.8240719 

9.82*345' 

9.824619. 
9.8248926 
9.8251660 
98254394 
9.8257117 
9.8259860 
9.8<6is9t 


9.S26S323 
9.8268053 
9.8270783 
9.8273513 
9.8>76i4i 
9.8278969 
9.8281696 
9.S284423 
9  SS87149 
9.8189874 


10.1789426 

10.1786683 

10.1783940 

10  1781197 

10.1778455 

10.1775714 

1771974 

J  770234 

1767495 

_^647j6 

1762019 

1719281 

I7S'5545 

i75j8cs 

17s 1074 

i74*t34t 

i745*o<: 

1742873 

.74014c 

7374ot 


73467-, 
1731947 
729217 
726487 

72103 
718304 
715577 
713851 

710126 


Secant.l 


1:1 I 

l4|iM58im(|5, 


1 0.0788934110,2581  io^j^ 


56  Degrees 


A  Table  of  Artipcial  Sines. 


34  Degrees. 


Ml 


Sine. 


jTang. 

0  9«74756i7b'9t85747l  \9.'^7^%lA 


1I9.7477489I9.91M9-I  [9-829i599 
219-74793609.91 84037  9-^29532': 
3V.748123cl9.91S3 1 8  j  19.829^04; 
4I9.7483099  9.9182329 

^9.74^4967  9.9>Si ^T 
"69.74868339.91^^06201 

79.748S695 "-" 

8 

t/9«7492425 
109.7494287 

1/ 

2 

3 
4 
5 

"6 

7 

8 

9 

10 


0.7496148 
9.7498007 


21 

2^ 

23 

24 

Vl 
26 


29 

30 


. , .     ,,  9.9179764 
9*7490562  9.917890S 
^1.9178051 

y.9>77'94 

9*9 1 7633''^ 
9.917547^ 


9.830076; 
9.830347^ 
9.830621- 
(9.8308934 
'9.8311654 

l9.B?MJ7- 

!9'^3 1709;^ 

9.831981 

'9.8322529 

}9.832524<^ 

9.83279*6: 


0.1707401 
0.1 701677 
0.1701953 
0-1699231 
0.1696508 


p.7499866  9-9174619 
p.7501723  9.917376c  .^  ^^   ..    - 
>^'7503 5 79 9-9^72900  •9-833^-79 
?.7505434|9.9i7i04C  9*'^liri9^ 

^•750728719.9171179  9'8336iov 

9.833S82: 
9.834155^ 

9J34424; 

9.^346961 

p.8349675 

9.8352384 

9.8355094 


-  .    .      /I- 
P.7509140J9.9170317 

;.75 1099 1  9.9169455 
^.7512842^.9168593 


^7514691 


9.7525761 


9,9167730 


^•751653819.9166866 

^7518385 
p.7520231 

9.7522075 


9.7531280 


9.9166002 

9-9165137 

9.9164272  9.8357804 

9*8360513 
9.8363221 
9.8365929 

9.8368636 
9.837I34J 


^.7523919^.9163406 


9.9162539 


9,75^76029.9161673 
9.75294429.9160805 


9«9i  59937 


Sine. 


0.1710126 


I  Secant. 

0.081425& 


0.1693787 
0.1691066 
0.1688346 

C.I  68  5  6261 
0.1682907 


0.1680189 
0.1677471 

0.1674754 

0.1672037 

0.1669321 

-1066606 
0.1663S9! 
0.1661 177 
0,1658464 
0.1655751 


o.i6*j30  39 
0.1650327 
0,1647616 
0.1644906 
0,1642196 


0.1639487 

0.1636779 
0.163407 1 

0.1 63 1 364 
0.16x8657 


0.081511c 
o.o8t5963 
o,oRi6iii7 
0.08 1 767 1 
0.0818525 


0.081938: 
0.0820236 

0.0821092 
0.0821945, 
o.o8228o<^ 


0.0823,664 
0.082452"^ 
0-0825.381 
0.0826241 
o.oS  2710-1 


0.082796c 
0.0828821 

0.0829685 

0.083  ^54S 
0.0831407 


0.083227c 
0.083313; 

0*0833998 
IJ.0834863 
0.0835728 


55  Degrees. 


0.083659^ 
0»o8j746i 
0.0838327 

10*0840063 


^1 

0.25225T1JC, 

0.252064^5 

0.251877c* 

0.2516931 
0,2515033 


5^ 

Si, 


0.2513167 
0.251 1302 
0*2509438 

0.2507575 
0.2505713 

0.250385 

0.2501993!;  • 

0.2500134^4-! 

0.2498277!}*! 

0.249642 1!;^! 


0.2494566 
0.2492715 
0-2490S6c-'4. 
0*248  9009*4 
0.24871 5  S 


0,2^85309 
0,2483462 
0.2481615 

0.247976 
0.24779^  s 

0.24760 
0.2474239] 


} 


^  ». 
3  - 


::1 


0'247239Ji!.;* 
0*24705  5  ^U 


0*246  8  72c 


I-: 


SccantJ-M 


rfifc 


-»•■« 


-,•*■ 


Tangents^  andSecantSi 


•  5  4,  Degrees. 


M 


31 

3S 
34 
35 

37 

3^ 


Sine. 


9.7534954 
9.7536790 
9.7538624 

^.7540457 

9-7542288b.9i547i8 


9-7544^9 
9.7545949 


39  9*7547777  9'9i52ici 


4C 

411 
[42 

^3 
41 

45 

46 
47 


5 


9.7549604 


9-75  5  H3' 
9-7553256 
9.755508c 

9.7556902 
9.7558724 


9.7560544 

;?7562364 

48I9.7564182 

49J97565999 


50  9i7567S'5  9>9 '42464 


9,756963c 
9.757U44 

3I9.7573256 

9.7575068 

9.7576878 


5o9>75859<3  9.9133645 


9-9159937 

9.9159069 
;.9l  58206 

9-9157330 
y-9156460 

9.9155589 


9.9153846 
9.9152974 


9.9151228 


^.9150354 

9-9149479 
9.9148604 

9.9147729 
9.9146852 

9.914J976 

99145099 
9>9 144221 

9.9143341 


9.9141584 
9.9140704 

9.9139824 
9-9138943 

99138061 

-  ■  ' 


9.7578687  9-9I37I79 
9.7580495j?.9i36296 

9.7582302 

9.7584108 


9.9135413 

9-9134530 


Sine. 


Tang. 


9-8371343 


9.^374049 
9.S376755 

9*837946o 
9^382164 

9-8384867 

9.8387571 
9.8390273 
9.8392975 

9.8395676 
9.8398377 

9.8401077 
9.8403776 
9.8406475 
9.8409174 
9.8411871 


9.8414569 
9*8417265 
9.8419961 

9.8422657 
9.8425351 


9.8428046 

9.8430739 
9-84  3  343  2 
9.8436125 

9.8438817 


9.8441508 

9.8444199 
9.8446889 

9.8449579 
9.8452268 


o. 


o. 

a 
o. 
o 
o. 

0. 
o. 

0. 

o. 
o. 


0. 

o. 

0. 

0. 

o. 

0. 

o. 

0. 

o. 
o^ 


0. 

o. 
o. 
o. 
a 


o. 
0. 
0. 
0. 
0. 


<^2J$657 

625 '95 1 
623245 
62054c 

61^429 
609727 
607025 

604324 
6016)23 

98923 
96224 

93525 
90826 

88129 


I  Secant. 


H5431 
82735 

80039 

77343 
74649 

71954 

6p26i 

66568 
63875 
61183 

58492 
55801 
53111 
50421 
47732 


10.0840063 


[0.0^40931 
10.0841800 
10.0842670 
10.0843540 
10  oJ^444ii 


10-0845282 
10.0846154 


KS2468710 

10.2466882 
ia2465046 

10,246.3210.27 

10.246137626 
l2li459T43  25 


30 

29 
28 


10.0847026  10.2454051 


10^0847899 
10.384^772 


10.0849646 
10.085052! 
10.0851396 
10.0852271 
10.0853148 

10.0854024 
10.0854901 
£0.0855779 

10.0856658 
10.085753^ 


10.0858416 

10.0859296 


10.0861057 


10.0862821 
10.0863704 
10.0864587 
10.0865471 
10.0866355 


Tang. 

55  degrees. 


10.245771a 
10.2455881 


10.2452213 

£:24_50396 

10.2448569  ig 

10.Z44674418 

10.2444920 
10.2443098 
10.2441276 


17 
16 

t*5 

i6.2439456|i4 
10.243763613 

10.2435^1812 
10.2434001  11 

I0.2432185  [0 


24 

33 
22 
21 

20 


10,2430370 
10.2428556 


10.0860176  10.2426744 


10.2424932 


io<o86i939  10.2423122 


10.2421313 
10.2419565 
10.2417698 
10.2415892 
10.2414087 

SccantjM 


9 

8 

7 

6 

_5 

4 
3 

2 
1 
O 


mmla 


A  Table  of  Artifcial  Sines, 


35  Degrees. 


Sine.  I 

.7s859'3>'1^3"364t 


9^845926^ 

ll9-75»7'/i7l9'9i327<^  9««4549')C 
2l9-75^95W-9ni875  9-^45764^ 
afr^ 591 31  »P'9i 30989  9«8460335' 
4P*7593ia»9-9»3Cio2  9.846301^ 

9.75949269^9129215  9'8465705 


*6  9-759<57i^9-9»a8328  9.846839 
97598J1 5  ^•9127440  9«847i07^ 
8  9-76oJ3ii9-9»2655i  9.847376 
5,9.760210c  9.9i25'^62  9.847^444 

10  9.7603899^:91^4772  9u84L79r27 

9*7605692 9*9i23882'  9.848181c 
^.7607483  9*9i2299i  9.8484495 
9.760927499122099  9.8487174 


II 
12 

13 

M 

16 

I 

iS 

«9 


9.7614^38  9«9"9422 
9.76164249.911852s 

9.7618208  9.9  ii7<534 
p.76199929.9116739 

10  9.7621775  9.9115844 


9-7611063  9.9121207 
9.76128519.9120315 


976235^69-911494^ 

9.7625337  9.91  I4<?5i| 

9.76271169.9113155 
9.76288949^112257 


9  9Ui359i 


21 
2S 

23 

24P 

12^19^7630671 

2e|;.7632447|9-9i  10460 

2;|9-7634222  9'9i0956i 
2h9>7635996  9*9 108661 
2J9  7637769  9«91o776i 
3c|9.763954c^«91Q686o 


9.848985 
9.849253' 


9.849521^ 

9.849789^ 
9.850.0575 

9.8503^53 

9.8505931 


9.8508608 
9.8511285 

9.8513961 
9.8516637 
9.85199^12 


9,8521987 
p.85  24661 

9.8527335 
9.853000S 

.853268 


.9io686o{  19.853  268c| 

Sin*.  II        I 


0.154773: 


0.1545044 
0.154235c 
0.15J966V 
0.153698'^ 
o.i53429«3 


0.153 161c 

0.1528925 

0.152624c 

0.1523556 
tc^  1 5  20873 

0.151819c 

0.151550b 
M512816 

O.I  5 10 145 

0.1507464 


0.1504784 
0.1502104 
0.1499425 
0.1496747 

0.1494069 


0.1491392 
0.1488715 
0,1486039 

0.1483363 
0.1 480688 

0.1478013 

0-I475339 
0.1472665 

01.146999a 

^1467320 

Tang. 


Secant. 

0.0866355 

0.086724*^ 
0.0868125 
0.0869011 

ao86989b 
0.0870785 


0.0871672 
0.0872560 
0.0873449 
0.0874338 
3.0875228 


0.087611b 
0.0877009 
0.0877901 
0.0878793 
0.0879685 


ox>88o57S 

0.088147 

ao88236o 

0.0883261 

0.0884156 

0.088505 'j 
o>o88594> 
0.088684^ 
o.o'?87743 
ao88864i 


1^.^241408;  6c 

.0.2412283^ 
0.241Q481  58 
0.2408679  57 
0.2406879  56 
0^240508055 


0.0889540 
0.0890439 
OW0891339 
ao892239 
0.0893140 


54 

5} 


^^ 


0.2403262 

a24oi485 
0.2399689  5  i 
0.239789451 
0.2396  lot 

0-23543084^ 
0.2392517 - 

0*2390726147 
o,23»^937Lfr 

[0.238714^4^ 

0.238  5362L 

0-2383576^; 
0.238179242 

o.t3SoX)S 

0^2378225 

^23764^417^ 

3-2374663 

0.2372884 

0.2371106 

0*2369329 


41 

4^^ 


3" 

5' 


0.2367553 
0-2365778 
0.2364004 
0.2362231 
0.23604601 


Secant. 


51 


M 


$4  Tiegrees. 


Mto 


Tangents^  and  Secants. 


1 


35  Degrees. 


Ml 


9.76413 1» 
9.7643080 

9.764^849 
9.764^616 

9-7648385 


3« 

\7 


Sine, 


9.7650147 

9-76519^ 

^s  9-7^53674 

i9l9.765543<^ 
;-)  9.7657  »97 
419^765^1^1 
429-7660715 
139,7662473 
449*7664229 
459*7665985 


46J9.7667739 
47  9.766949a 
4819.7671244 
49I9.7672996 
11 9*7674746 

5» 


J2 

53 


9,7676494 
9.7678242 

9.7679989 
549.7681735 
55  9*7^8348c 


5*^.7685223 
57to.7686966 
589,7688707 

)99,7690448 
5o'9.7692i87 


9.9 106860 


99105959 
99105057 

9.9104 » 5^ 
9,9103251 

9-9102348 


9.9101444 
9.91005  j9 
9.909>634 
9.90^8728 
9*9097821 


9.9096915 
9.9096007 

9.9095099 
9.9094190 

99093281 


9.9092371 
9.9091461 
9.909D550 
9.9089639 
9.9088727 

9.9087814 
9.9086901 
9*9085988 
9.^085073 

9.9084159 

p.9083243 
9.9082327 

9.9081411 

9.9080494 
9*907^576 

Sine. 


Tang. 

9.^532680 

9*»';353r2 

9*8538023 

9.8540694 

9.8543365 
9.8546034 

9.8548704 

9.8551372 

9-8554041 
9.8556708 
9.8559376 


9.8562042 
9. 8  5  64708 
9.8567374 

9.8570)39 
9.8572704 


9.8575368 
98578031 
'9.8580694 

'9.8583357 
9.8586019 


I  -:^- 


.19.8588680 
19.8591341 
9.8594002 
19.8596661 

'9.859932> 


'9.8601980 
[9.8604658 
9.8607296. 

19.8609954 
^9.8612610 


0.1467320 


0.1464648 
0.1461977 
0.1459306 

0.1456635 
o^M^53966 

0.1451296 
0.1448628 

O.I445P59 
0.1443292 
0.1440624 

0.1437958 
0.1435292 
0.1432626 
0.1429961 
0.1427^96 


0.1424632 
0.1421969 

a 141 9 306 
0.141^43 
0.1413981 


ai4ii32o 
0.1408659 

0.1405998 

0.1403339!, 
0,140067^' 


I 


oi.i  398020 
0.1395362J 

a  1392704 
0.1390046! 

0.1387390; 


Secanc. 


Tang>  I 

54.  Degrees, 


0.0894041 
0.0894943 
0.0895045 
0.0896749 
0.0897652 


C.0898556 
0.0899461 
0.0900366 


0.0893 140 10.2360460  30 
10.235868929 

ia2356920.28 

10.235515127 

26 

25 


102353384 
ia235i6i8 


10.234985  > 


10.234808^23 
10^234632622 


24 


O.0901272I10.2344564  2} 

0,0902  »79'i0.23428o3  20 


009030^5 
0.0903993 

0.0904yOl 

0.0905810 
0.0906719 


0.0907619 
00908539 
0.090945c 
0.0910361 


0.0912186 

0.0913099 
ao9i40i2 

0.09 14927 
00915841 


io.2341043 
10.2339285 
10.2337527 


ia233577rr6 


10*2334015 


10*2332261 
10.2330508 
10.2328756 
10.2327004 

ao9 1 1273110^25254  10 


0.3916757 
0.0917673 
0.0918589 
0.0919506 
ao920424 


»9 
18 

17 


15 

14 

13 
12 


10.2323506 
10.2321758 
to.2320011 
10.2318265 
10.2316520 

10.2314777 
10.2313034 
io;23ii293 
10.2309552 
1012307813 


I 


Secant. 


8 

7 

6 

3 

4 
3 

2 
1 


M 


A  Table  of  Artificial  SineSj 


^6  Degrees. 


C19. 76921 87 


9.90791 7  f 


39 
419 

719 

8[ 

9\9 
oh 


769?92M9.9'^786^^ 
.769566'J9.9'7774c 


Tang- 


9.S612610 


.7699134 

>77Qg86H 

7702601 
7704335 
7706063 

►7707793 
.7709522 


9.9:7  590  J 
P.907498C 


9.864^5267 
9.8617923 
9.8620'578 
9*8^232^3 
9.8625887 


p.9074059 
9.90731 3S 
9.9072216 
9.9071293 

^.9070370 


10.13*7390 

10.1384733 
10.1382077 
10.1379422 
.0.1376767 


1 
io.1374113. 

9,862854f]co.i37H59 
9  863ii95Jio-i3688o5 

9.863384MIO-I366I52 

9,8636500  10-1363500 

19*8639152  10.1360848 


Sccant.l 

( 0x9  20424 


ij 


1 19-77 1 1 24919-9069446 

li2b.77 1 297(5l9>9068  525 
i3|9.77i470'^|9-9067597 
I4|9.77l6426l9«906667i 

i5J9.77i8i5o|9-9o6$745 

176^.77198729.9064819 
?.772i  59319  9063892 


9>77233i4 
9.7725033 

^7726753 
9.7728468)9.9060177 


9.9062964 
9.9062036 
9.906x107 


9.7730185 
23  9*77  3 1 900 


24 
25 
26 

27 

28 

29 
3c 


9.77336^4 
9.7735327 


9.9059247 
9.9058317 

9.9057386 

9.9056454 


7737039 
9.7738749 
9.7740459 


9.774387^ 


9.9055522 

9.9054589 
9.9053656 


9.77421689-9052722 


1- 


».905t787 


Sine. 


9^8641803 
9.8644454 
9.8647105 
19.8649755 
[9^8652404 

9.8655053 
9.8657702 
9.866035c 

9,86|fi997 
.8605644 


10.1358197 

10.1355546 
10.1352895 
EO.X350245I 
10.1347596 


10.092134:^ 
10.092226c 
10092^180 
10*0924099 
ro«0925o2,c 


10.0925941 
10092686; 
fo.0927784 


10.23078 1 :  i 


— ^ 


10,230607 =j'-' 
■0.23043  5 'Y  1 

l0.23G26c2,c-| 
l0.23QCS66';t' 
10.22991 3  2  <, 


10.229739;  S 

40.229566^jS 
10.22939375: 


io.o92$707|  I  a229r  107^ 
iO092963cl!0,229O47S 


9.8668291 
9,8670937 


101344947 
10.1342298 

JO.1339650 

io.i  337003 

10.133435^ 


10,13317091 
10.1329063 


9.8673583110.1326417 
9.8676228 

9.8678873 


9.8681517 
9.868416c 
9.8686804 
9.8689446 
9.8692089 


10.1323772 
10.1321127 


1 0.C9305  5411^^887  5  ijr^j 

10.093  »478|l0.2287024  4"| 

io.o9324o3lio.22852pS^'} 
i:).o933329  10.2283  5  7  ^Uq 
10.0934255  10.2281850:4^^' 


10.0935181 
10.093  6 1  oS 


io/>937964 
10.0938893 

^0*0939823 
10.0940753 


10.2180 1 2SJ4- 
10.2278407:4 


10.0937036  10*227668*- 


'^•1 


I10.0941683  10.226813 


io«  131 84^83 
10*1315040 
10.1313196 
10,1310554 
10.1307911 

Tang. 


10.0942614 
100943545 

10094447^ 
10.0945411 


10.0947278 

iao9482i3 


I 


10.2274967. 
10.2273245;:' 


ia227 

i0.2269SiV 


1532:- 


10*226638: 
10.226467  s 


i~ 


10.2262961 

f  01.226125: 
lo«vV946344  10.2259543 


>- 


10.22578  S^ 
10.225612:: 

Secant. 


i 

) 


5^3  Degrees, 


TdHgentSy  and  Secants, 


-^  Degrees, 


>i  Sine. 


i4 


J-7743876 

,  ,-774'^5S3 
,9.77472fiS 
y-77tS993 
j.77^oe97 
9-7752359 


j^-9-775'UOi 
j7?-77?5Boi 
i^.9-77575Ci 
Ji,9-7759"9S 

t3[9-77<!42a? 
L'V.77'S5983 
■4  9-77<57'57'5 
.V9-77  69369 
^■9.77710(0 
7V77727$0 
V-7774439 
irb.7776>2il 
0W777815 


i!9-7779^oi 
2'y.778ii86 

3'9.7783870 
4W7M^5J 
519.7786835 

5'9.7787pn; 
79-77895915 
59.7791275 
J  9.77929^3 

^'g-7794'S30 


9.90;  1787 

9 90 $085 2 

p.904i,9"5 

3.904^ 

9.9048043 

9-9047 106 

9-9046 

9.904^230 

9.904439 

9.9°43i'ji 

9-904  M 'I 

;.904i47 

9.9040';  29 

9.9039587 

9-9038644 

9  90? 7 70 

'9-9036757 

9-90J58I3 

9.9034S68 

9-9053923 

9-9032977 


9.903203 
9.903 108^ 
9''90jOij6 
9.7020188 
3.9028339 

9.9027 

9.9026339 

9.9015389 

9.9024438 

9.9023486 

Sine. 


■9^92035 
9.869473 

9.869737' 
9.870001;, 
9.8702653 
9.8705393 
'9.8707933 
■9.8710572 
9-87i3'-io 
9.87158^8 
9.87184' 
9.^721123 
9-8;237fc 
9.8726396 
9.8729032 
'9.^731668 
'9.^7343" 
'98736937 
9.8739571 


:o.i293o67,  10.0953832 
10.1289428  10.0954770 
icr  286790'  jio.095  5709 
10.12S4152  10.0956649 
io.t28i.;i4   10.09575^9 


Secant. 

10.1307911    1 0.094 15  2 1  i 


10.13052^9 
10.1302628 
10.1299987 
la  1 297347 
lai 294707 


io.:.949'4^ 
10.0950084 
10.0951020 
10.59519,7 
10-0952894 


10.225612430 
10-225441759 

10.225S7i2'28 

10.225100727 

10  224930J  21} 

10.2247601  j 


to.i27S!,77  ioop)M53D 
10.1276240  |io.op5947 
10,1273604  ^10.0960413 
10.1270968  '10.0961356 
iai268j32  jio.096a299 
265^6^ 


5.1263063 
10.1260423 

10,125^8 

10.I25"2 


10.1253530 

la  1249898 
le.  1247266 

la  1144635 
[0,1242004 


239373 
10.1236743 
iai234ii4 
10.1231485 
[O.1228856 

Tang. 


;963243 
10C964187 
10.096513 
10.0966077 

^967023 
10.09S7969 
10.0968916 
10.0969864 
10^3970812 
10.09717^1 


ID.  3972711 
'.10.0973661 
10.0974611 

'10.0975561 
10.097651 


'■3245899I24 


12441992 
.224249922 
2240801 2 1 

10.2239103  2n 


:374c 
10.223571 

340J7 
10,3332324 
10.2230631 


10,2228940 
10.2227250 
10.2215,561 
10.3833872 
10.2222185 
[O.2220499 
[O.221SS14 
.2217130 
ro.2215447 
10.2213765 


10.221 2o84 

10.2210404 

10.2208735 

'■  1 0.2  207047 

14  10.230537'^ 


Secant,  m 


53  Degf'^f^^ 


A  Table  •/  Artificial 


^7  "Degrees. 


Ml 


J  Sine. 

"019.7794630 


1 

s 


9.7796306 

9.7797981 
3)9.7799655 

4  9.7S0132S 

59-73 


S 

9 

10 

iT 

13 

J4 

le 
17 

? 

22 
23 

2S 

26 

27 

2^ 
29 

V 


r^ooc 


9,7^04671 
p.7806341 
^78o8o^c 

P.7809677 
^7811344 

9-781 301c 
P.781467'; 
9.7816339 
9.7818002 
9.7819664 

;.'782il24 
9.7822984 

9,7824^43 
9.782^301 

9,782795^' 

9  78296N 
9-783126^ 

9.7832^2 

9.783457^ 

9.783622- 

97783717^ 
9.7  8  39  5  2S 

9.7841177 

9.7842824 

?  7^44471 


9.9^^22534 
9.9021581 

9.902062S 
9.9c  1 9674 
9.9018719 

9.9-17764 
9-9016808 

9.901585'^ 
9  90i489( 
;.90i393b 

9*90 1298^ 
9>90I2021 
9.9011062 
9*9010102 
9*9009142 

9.9r.)o8i8j 
99007219 
9.9CO6257 
9.9005294 

^^.90043  31 

9.9003367 

A 900240 3 
^9001438 
9.9000472 
989995O6 

9.8998539 

9.8997572 
9.8996604 

9.899563C 

9.8994667 

Sine.  I 


Tang. 


9.S771144 


^•^773772  »o. 
9.8776400  10. 
9.877902:  10. 
9.8781654  la 
9.8784281  10. 

9,8786907  ic. 
98789533  10. 

9.87921  <^  K). 

9.8794782  10 
9.879/4(71?, 

9.S800031  lOi 

9.8802654  f  oi 
9.8805  277;  10. 
9.880790c  10. 

9-8810522  IC. 


lO. 


y.SSigi4<) 
9.881576^ 
9.881838c 

9>882ioo7 
.Sfl^627 


10 

lO. 

10. 

10. 

CO. 

o. 


9.8826246 
9>8828S66iio. 

ro. 

10. 

10. 


9.8831484 

9.8834403 
9.8836721 


9.8839338 

9*8841956 

9.8*44572 
9.8S47189 

9.8849805 


10. 
ic. 

10. 

10, 
to. 


22^856 


226228 
22360c 
220973 
218346 

215719 


213093 
210467 
2^-^7842 
2.521b 

202593 

b*  99^69 

1^7346 

194713 
19210 

18947S 


1^6856 

184235 
181614 

178993 

176323 

173754 
171134 

108516 
165897 
163179 


16066: 

158044 
155428 
152811 

150195 


Tan 


Secant. 


C.0983192 

o.^  98414! 
0,098510^ 
00986061 


O.09927SI 

0.0993743 

o.C9947ot 

0.099566s 


I 


0.0976514  10  220S37u'^ 

0.097746c  10,22^3694'^' 
0.0978419  la22020 '  9  v^ 

0*0979375 10.2200345  5-: 

OK>98o326  10.2198672  s:, 
0*098 1 28 1  10.2 1 97cot  * ' 

0.09^2236  10.2195329=. 

t0.2i93659S; 
10,219 1990  <:' 

'0.219C:32^^  ! 

i0.2i8S6ccc  - 


^^Si 


c'.c987oic 
0.C9S7979 
,0*09^^8936 
0.098989^ 
0,0990858 

0.099 1 8 1 9|io.2i  7S?7^.Zj 


IC.21»l9yS|^-. 

lo.aiSoj; 


-t  'f 


0.0996633 
ox>997597 
0*0998562 
0.0999  5  28 
o 1 06049. 

O  IOGI461 

O.I00242S 
oa»'x?3396 
0.100436^ 
0.1005333 


10.2177J1C- 

«^-2i75^5"- 

10.2173^^, 

10  2172C4X 

l-'.217C-b.Y 

10216875:!' 
10.2167CT    ' 


1 


io.2i654''^<  - 

icx2i637-:|_' 

IC/.216212J 

•  0.2160, 7-j 

o.2f5SS:, 

10.215717: 

I0.2l55<;;. 

Secant'- 


52  Decrees. 


h . 


J 


A  Table  of  Jrtificial  Sines. 


38  Degrees. 


Sine. 


.8962358 


iiQ.7»9503< 
.789665 

3W.7898261     ^. 

4  9.7899S8ol9.89<^i369 

5  9.79QI493P'^9^379 

6  97903 104  9*^9593^9 

7  9'79047»5  9»895839^ 
^.7906325  ^-895740^ 

•790793  <9«89564i  4 

KI9.7909541  9>89S54a2 

1  ity  791 1  i4f'^?954429 
12 

13 
14 
r^ 

16 
% 

18 

'V 

Ic 


_  jmng.| 

f.896'532iib,89z8o98' 

>.89,643  34119:89  3070  : 

^8$i6  3  346  19.893330^ 


,9,893590 
9.8938511 
9.8941114 


9-^9437  M 
9.8946317 
9.894891S 

9.8951519 
989541*9 


0.1071902.; 

0.10692981 

0.1066694 
0,1064091 
0.1061489 
0.1058886 


9«79i27^4l9-8953435 
9-79H?5M9'S9$2440 

9.791596319.8951445 
^^.79175662^5045^^ 


9.7919168M949453 

9*7920769  9*8948457 

V.7922369  9«8947459 
?-7923  968  9*894646 1 

;.7925  566  9.8945463 


9.895671*, 

9*8959319 
9.896191S 

9.896^517 
9.8967116 


7927i63  9»8944463 

^.7928760  9*8P43464 

"  ^•7930355  9-8942463 
9.793194.  ?.894i462 
9*7933549  ^'^942461 


9.79351359-8939458  9.8995677 

.79367279.8938456  9.8998271 

>>79383i  7  9*8937452  9.9000865 

Ji  .70^9907  9.893^448  9-9003459 

i^fe  .7941496^-8915444  19  900605^ 


9.8969714 
9.897231 5 

9.89749  >  ^ 
9.8977507 

9.8980104 

9.89827C0 
9*8985296 
9.8987892 
9.8990487 
9.8993082 


0.1056285 
0.1053683 
0.1051082 
0.1048481 
0.1045881 


0.1043281 
0.1040681 
0.103&J82 

0.1035483 
0.1032:884 


0.103025J6 
0.1027688 
0.1025090 
0.1022493 
0.1019896 


o*  1017300 
0.1014704 

OkIOI2lo8 

0.10095 13 
a 10069 I 8 


0.1004323 
0.1001729 

0.0999135 
0.0996541 
0.0993948 


Secant.] 

0*1034679 


0.1035666 

ai036654 
0.1037642 
a  1038631 
0.1039621 


0.104061 1 
0.1041602 
0.1042594 
0.1043586 
0.104457S 


0.1045572 

0*1046565 
0.V04756C 
0.1048555 

0.1049550 


C.1050547 
0.1051543 
0.1052541 
0.1059539 
O.IOJ4537 


0.105553: 
o«iD$6536 

io,io$753 

0.105853 

0.1059539 


aio6o542 
0.1061544 
0.1062548 
0.10635521 
0.1064556  10.20585 


isvp! 


J 


>.2I06V0  6d 


O.2IP4964  <;^ 

0.2103348^5 

0.210173457' 
0.21001235* 

-^.209850755 


0.20968965^ 
0.20952855;! 
0^2093675 p 
0.209200751 
O.2C9O459  50 

0.2088852  II 

0.208724^  4^ 

0.2085641  47 
0.20S4037  i^ 
©•2082434  4^ 


0.2r>8o832  44 
0.207923143 

0.2077631  42 
0*2076032  41 

0.2074434  40 


0-207283739 
a2o7i24G  3^ 
0.2069645  37 
0.206805 1  36 
0^2066457  35 

0.2064865  34 
0*2063273  33 
o.^»o6i6S^}2 

3» 


Secant.! 


5 1  Degrees. 


^p^ 


mmf^^^m 


mrt 


m« 


rid 


iJfaMi 


M 


Tangents^  and  Secants^ 


T>egri 


3C9.794>496 


3» 
32 


Sine. 


9;j935444 

9.7943083  9-8934439 

_    9.79446709-8933433 
33  9.79462$^  9*8932426 

349-7947841  9.8931419 
3519*7949425  9.893041a 

36|9795ioob  9,8929404 

37  9*7952590  9-8928395 
3^9.79541719.8927385 

39  9-7955751  9-8926375 
4f  9-7957330  9-8925365 

4"i  9-79589^9  y-89243 54 
42  9.7960486  9.892JJ42 


43.  ,.         ^,,    .     _ 
44  9-7963638  9.8921316 


(4319.7965212  9-8910303 
^46  9.7966786  9.8919289 


9.7962062 


9-7968359 


9.891827 


t 


[47 ^     .       . 

4b  9. 7*69930  9f89i  725 
'49  9-7971  SO*  9-8916242 

50  ^,797307'  9.8915226 

5 1  9>797464C  9-89 14208 

52  9.7976208  9.8913191 

153  9-7977775  9*8912172 
'54  9-7979341  9-89II153 
55  9.7980906  9,8910193 


59 
6c 


5C  9.798247c  9.8909113 
57  9.7984034  9-8908092 
589,79855969-8907071 
9.798715S  9.8906049 
9.798871b  9.8905026 

iSinCf 


9.8922329 


T 


Tang* 


9-9Q0605  2 

9.900864$ 
9.9011237 

9*9013830 
990x6422 
9.9019013 


9.9021604 

9-9024195 
9.9026786 

9.9029376 
9*9031966 

9-9034755 

9-9037144 
9.9039733 

9.904231X 
9.9044910 

9.9047497 
9.9050085 

9^052672 

9*9055259 
9.9057845 


9.9060431 
9.9063017 

9.9o6<6o3 
^•9068188 
9.9070773 


9.9073357 

9-9075941 
9.9078525 

9.9081109 

9.9083692 


0.0993948 


.iSecantJ  I 

iQ>20587oJS> 


0.099 1 3  5  J 

0.0988763 

0,09861701 

0.09835781 

0.0980987 

0*0978396 
0.0975805 
0.0973214 
0.0970624 
0.0998034 

0.0965445 
0.0962856 
0.C960267 
0.0957679 

0.0955090 

0.0952503 

0.094991 

0.094732 

0.0944741 

0.0942155 


10.1064556 


J 


0-0939569 
0.0936983 

Q-0934397 

0.0931812 

0.0929227 


!aio6556i 
10.1066567 
|io.io67574 
10.1068581 
10.1069588 


0.0926^43 

0.0924059 

0.0921475 
0.0918891 

0.0916308 


Tang^ 

51  Degnsi 


10-1070596 
10.1071605 
10.1072615 
10.1073625 
10.1074635 


10.2056917^ 

ia2055330  28 

10.2053744 
W.X052159 

10. 


27 

26 


10.1075646 
10.1076658 
10.1077671 

10.1078684 
10.1079697 

10. 10807 II 


10.1082742 

iaio83758 
lo.  1084774 

10.1085792 
10. 1086809 
10.1087828 
10.1088847 
10.1089867 


10.2048992  24 
10.204741C  23 
10.2045829  22 

lO  2044249  21 
10^2042670  20 

ia204i09i  19 
10.1039514x8 

10.2037938  17 
10.2036362  16 
10*2034788  K 

10.2033214 14 


10.1081726  ia203i64i 


«3 

10.2030070 12 

f  0.2018499 11 
10^026929  10 


10.1090887 
10.1091908 
10. 1092919 
10.1099951 
10.1094974 


10.2025360  9 

10.2023792  8 
10.2022225 

10.2020659  6 

10.2019094  5 

10.2017590  4 

10.2015966  i 

10.2014404  t 
10.2012843 

10.2011282  01 

Secant,  m 


P« 


Tangents^  and  Secants. 


39  Degrees. 


M  Sine. 

0,9.8036637 
329*^038168 
339.8039699 

J^  9.804122b 

^9^804^757 

j6  9*8044284 
9.8045811 

9.8047336 
9.804S861 
9*8050385 


37 
38 

39 

4c 

41 

42 

43 
44 


9*8051908 
9.805343c 
9.S054951 
9.8056472 
459,8057991 


46  9.80595 10 

47'9.8: 61027 

48 

49 
1 


> 
53 


9.8062544 
9.8064060 
9.806557s 


9.806708^ 
9,8068602 
9.8070114 


54^.8071626 
?  519.807  3 136 

5  6[9. 8074646 

)7&.8o76i54 
J  8  9.8077662 

;  9  9,8079169 
So;9.8o8o67< 


I 


9.8874061 

9,8873019 

9*887  >  977 
9.8870934 

y.8869890 

9^8^68846 

9T8~8678oi 
9.8866756 
9-8865710 
9.8864663 
9.8863616 


9.8862568 
9  8861519 
9.8860470: 
9.8859420 
9.8858370, 


9.8857319 
9.8856267 
98855215 
9.8854162 
9.8853109 

9.8852055* 
9,8851000 
9.8849945^ 
9.8848889 
9.8847S32 

9.8846775! 
9.8845717 
9.8844650 
9^843599 
9.8842540 


Tang. 


9.9161045 


9-9163618 
9.9166192 

9.9i6876<^ 

9,9171338 
9.9173911 


-".Ml 


9.9176483 

9-9179055 
9.9181627 

9.9184198 

P.9  186769 


9.918934® 
9.91919" 

9. 9 1 9448 1 

9.9197051 
9  9199621 

9.9202191 
9.9204760 
9.9207329 
9.9209898 
9.9212466 


9.9215034 
9*9217602 

9.9220170 

9,9222737 

9.9225304 

9T9227871 
9.9230437 
9.9233004 

9.9235570 
9.9^38^35 


Sine. 


0*0823517 
0*0820945 
0.0818373 
0.0815802 
10.0813231 


0.0838955 


0.0836382 
0.0833808 
0.0831235 
0.0S2S662 
0.0826089 


Secanc. 

lai 12^939 


ooHic66c- 

0.0808089 
0.0805519 

0.0802949 
0.0800379 


0.0797809 
00795240 
0.0792671 
0.0790102 
0.0787534 


10.1126981 
10.1128023 
10.1129066 
10.1130110 

,ian3i_M^ 

10.1132199 

10.1133244 

la  1 1 34290 
10.1135337 

10.1136384 

10.1137432 
10.1138481 
10.1139530 
10.1140580 
iaii4i63o 


0.0784966 
0.0782298 
0.0779830 
0.0777263 
00774696 


O.D772I29 

0.0769563 
0.0766996 
0.0764430 
0.0761865 


10.1142681 

10.1143733 

10.1144785 
10.1145838 
101146891 

10.1147945 

la  1 149000 
16.1150055 
10.1151111 
10,1152168 

oi.ii  53225 

10.1154283 

10.1155341 

f  0.1 156401 
10.1157460 


0.1964895 


0.1963363 

0.1961832 
0.1960301 

0-1958772 

0,1957243 


''-'•1955716 

O..I954189 
0,1952664 

00951139 

0^949615 
0.1948092  ip 

0.1946570 18 

0.1945049 

0.1943528 

0,1942009 


JO 

28 

27 

26 

25 
24 

2? 
22 
21 

20 


0,1940490 
0.1938973 
0.1937456 
0.1935940 
0.1934425 


17 
16 

14 

13 
l2 

U 

10 


8 


0.1932911 
0.1931398 
0.19298861  7 
0.1928374'  6 
0.1916864 


0.1925354I 
0.1923846 

01922338 

0.1920831 
0.1919325'  o 


5 

4 
3 

2 
I 


I 


Secant,  m 


50  Degrees. 


ii^ 


Tangents^  and  Secants. 


40  Degrees. 


M 


Sine,. 


)2  9-8 


a 


9.8 


16 


^25444 

26925 
2&401 
29878 

31354 

32829 


9-8 

9.8 
9*8 
9.8 

^b9_^ 

9.8 
9.8 

;B9-8 


57 

i8 

^9 


M 
P 


9*8 
9*8 


is 

^%^8 

*7  9-8 

^9  9-8 
S0I9.8 

S* 
)2| 

)3 


9.8 
9.8 


>7  9.8 
►  89,8 

[99.8 
^09.8 


34303 

35777 
37250 

38721 
40192 


4x^62  ^.8798548 


43»3i 

4460c 

46067 
475?4 


48y99 

5^464 
51928 

53391 
54854 


9.8 

)4  9-8 
Sj9,8  

\^  9.ST636<.'9 


56315 
57776 

59«35 
60694 

62152 


65066 
66521 

67975 
69429 


I 

9.8810455 

9T8809 '  f6 
y,88o8296 
9.8807215  j 

9-8806134; 
9.8805052' 


9.8803970 

9.8802887 
9-8801803' 
9.8800719 
9.8799634 


TTang^ 

9.93J4989 


9-93*7547 
99320105 

9*9322662 

P>9325220 

9-932777/ 
9.9330334 
9.9332890 

9.9335446 

9.9338003 
9.9340559 


9.8797462 

9.8796375 
9.8795287 

9.8794199 


9.8793110 
9.8792021 
9.8790930 
9.8789846 
9.8788748 

9*8787656 

9,8786563 
9.878547© 

9-8784376 
9.8783281 


9.9355889 

9.9358444 
9.9360998 

9.9363552 

9.9366105 


9.8782186 
9.8781090' 

9.8779994 
9.8778896 

9«8777799 


9.9343114 

9.9345670 
9.9348225 
9.9350780 

9»9353335 


9.9368659 
p.9371212 

9-9373765 

9.9376318 

^-9378871 

9.9381423 
^9383975 
9.9386527 
9.9389079 
9.939163 1 


I  j  Secant. 


0.0685011!  {iaii89545 
o.'68»4S3|  10. 1 1 90624 


0.067989 

0.067733 
0.0674780 

0.06722^3 


0.0669666 
0.06671  ic 
0.0664554 
0.0661997 
0,0659441 


oo656b86 
0.065433c 
0.0651775 

0.064922c 
0.0646665 


0.06441 1 1 
0.0641556 
0.0639Q02 

0.0636448 
0.0633895 


0.0631341 
0.0628788 
0.0626235 
0.0623682 
0.0621 129 


00618577 
0.0616025 
io.0613473 
0*0610921 
0.0608369 


10.1191704 
10.1197785 
iaii93866 
lai  1^4948 

10.1196030 

jio.ii97"ii 

:iaii98i97 
10.1 199281 

10.1200366 


101874550 


10.1873077 
10.1871599 

10.1870122 

10  1868646 
101867171 


io.i  56)697 
1'  .186422^ 
10,1862750 
10.1861279 
01859808 

10.1858378 
10.1856869 


!10.1201452. 

10.1102538  , y 

10.1 203625JIO.1 855400 

io.r2e47i3  10185-933 
10.1205801  101852466 


101116719 


30 

^9 

^8 

27 
26 

25 

24 

23 
22 

21 

20 

«9 

i8 

17 
16 

14 

13 
12 

11 

ro 


f 


101206890  101851001 
10.1207979  10.1849536 
10120907G  10184^072 
10..121016C  101846609 
1012112521101845140 

^,10.1^1^344  ioU436?5 
101213497  101842124 
101214530  101840^65 
I0i2i5624l^oi8393d6[  6 

1 

4 

3 
2 

I 

o 


101837848 


01.1217814  101836391 
10.1218910  ioi834934 
101220006  ip.1833479 
1012211041 

a0.122220l 


i 


101832025 
10.1830571 


Secant. 


M 


rees. 


A  Table  of  Artificial  Sw«, 

4.1  Dtgreci. 


\ 


Sine. 

719.8 170S82 
,19.81 723  B4 

3 


P 


4 

S 


7 

8 

9 
to 

II 


P.877670C 

,     .    ..^9.8775^oJ 
•8173785M774501 

9.8 I7S'^3'J  9.8773401 
9.8i766Ss9**77230C 


.8777799I  9-9391631 


9,8l7«»33 

9.8i795^i 
9,8181028 

9,8182474 

^.8183919 

9-8185364 


9-877»i98 


9.9394182 

9.939673 

9.9399284 

9-9401835 
9.9404385 


y-v,,..,-,  9,9406936  10.0593064 

9.877009^1  9  94*^94^6  10.05905 14 
P.8768993I  ?.94i 2036110.0587964 
9.8767889   9.94145^5 
9.9417135 


10.0608369 

10.0605818 
10.0603267 
10.0600716 
10.0598165 
10.0595615 


Secant. 


^.8766785 


9-8765680 

i ob.S  186807  9>8764574 
I  aM  1 88250  9-8763468 

9-8189692  9"876236i 

?.8 191233  9.8761253 

^i8 192573  9.87^145 
^.8194012^8759036 

9,8  »9545<^  9.8757927 
^.819688^9.^756816 

.819^32^^-8755706 

'  19.87.54594 
9.8753482 
9.8751369 
9.8751256 
9.S750142 


3 

14 

«5 

Tt 

17 
if 

2c 


21 

22 

23 

24 
2^ 

2^6 

21 
28 

29 

3c 


p.8 199761 
9.820119^ 

;.820263C 

9.8204063 
9.8205496 

;.82C6927 
9.8208358 
.8209788 

9.8211217 
9.8212646 


9.9419684 
9.9422233 
9-9424782 

9*942733' 
9  9429879 

9.943  242B 
9.9434976 

9.9437524 

9,9440072 

9.9442619 


10.0585415 
10.0582865 


10.0580316 

10.0577767 
10.0575218 
10.0572669 
10.0570121 


10.1222201  10.1830571 

10.1223300  10.182911 

10.1224399  tai827666!5 
10.1225499  10.1826215U7 
r'>i226599  lO•I8247655^ 
I0.12277QC  io,i8233i5y 

I  D^l  218802  10.1821^67!^ 

10.1229904 
10.123100? 
10.1232111 
101233215 


9.8749027 
9.8747912 

9-8746795 
9.8745679 

9.8744561 
Sine. 


100567572 
10.0565024 
10.0562476 

iox>559928 
iox>55738i 


9.9445166 

9>94477M 
9.9450261' 

p.9452807 
9.9455354 

9.945790c 
p.9460447 
9.9462993 

9.9465539 
9.9468084 


10.123491c 

10.1135426 
10.1236532 
10.1237639 
10.1238747 


10*  1820419!^: 

10.1 8 1897  2;<  2 

io,i8i7526:si 
10.18160S1I0 


lO«  1 8 14636  4.9 

io.i8i3i95'^ 

10.18117504 

io.i8i03cbL: 

i0.i8oS867^^^ 


■^ 


10.1239855110*1807427)4 

10.1 240964110.1 8p59Si[4: 
10.1242075  i0.f&45«joLi: 


to.05  54834 

10.0552286 

10.0549739 

10.0547193 
10.0544646 


10.054210c 

10.0539553 
10.0537007 

10,0534461 

10.0531916 


1011243184 
10.1244194 

10.1245406 
iai2465i8 
10.1247631 
iai24S744 
10.114985^ 

10  1250973 


10.125^205 
10.1254321 

10.1255439 


_JTang^ 

48  Degrees^ 


10.1803112^1 

10  18J16754 


i^i8oo23y|:; 
io.  1 79880 
i0.i79737c: 
10.179593; 

10,1794  c  r  _ 
iO,i  79307  5h4 


1O.12520S8  10*1791642 


iQ»i79o2i2 
i0.i787?54);i 


Secant. 


r 


•    '  ■  ■  I    ■'■  I     II   m   I  ■  nil       iw 

I 

Tanfents,  and  Secants, 


irf^^Mta 


MM 


*, 


41  Degrees. 


M 


Sine. 


30  9,8212^46 


31 
32 

34 
35 


9.8214073 

9.821 5  joc 


p.8744561 


9-8743443 
9.S742325 


9.821^92^  9-8741  20^ 
9.8218351  9.8740085 

-8219275  9'87 3^^965 

56|9-»22i  19^  9.8737^44 
379-8222621  y.8736722 


31^ 
35 
4^ 

4^ 
42 


9.8224042 


9.82254659-8734476 


54 

7^ 


;.822688s 

^.8228305 

9.S22P721 

43I9-823113S 

449.8232555 

4^9-^i3397» 

46 

47. 
48 

49 

?» 

5i 


9.823538c 
/.?2368oc 
9.823S213 
^.823962^ 
9,8241037 


9,824244b 

?.IJ243858 

53M245267 


9.8248083 


9*8249490 


57  9.8250896  9  8714144 


9.8252301 
9.8253705 


9?735599 


?.8753352 


^^.8732127 
g.8731102 

9.8729976 
P.8728S49 
,.8727722 


9.8726594 
9  8725466 

y>8724337 
9.8713207 

9.8722076 


9.8720945 
9,8719813 
9.8718681 


9.824667C!  9-8717548 


9  871^414 


9.871527^ 


9-8713008 
9.8711872 


8255  iC9|;.87 10735 

Sine, 


Tang. 

9  '9468084 


9-9470630 

9.9473175 
9*9475720 

99478265 

9*94808 10 

9^483755 
9.9485899 
9.9488443 
9*9490987 

99493S3J 

9.9496075 
9.9498619 

9-9501162 

9.9503705 

9.9506248 


10.0531916 


10.052937c 
iao526825 
10.052428c 
10052173c 
10  051919^ 

10.0516645 

10.05I410] 

10.0511557 

10.0509013 
10.0506469 


Secant, 


10.1255439 


iai256557 
10.1257675 
io.i2$879^ 
(10.12599.5 

10.I26103S 


fo.0503925 

10.0501381 
IO.C49883S 

ICUD496295 
10.0499752 


9.9508791  10.0491209 


9.9511334 
9.9513876 
9.9516419 

9.9518961 


»i 


9.9521503 

9.9524045 
9.9526587 

9.9529128 

9^9531670 

9.9534211 

9-9536752 

9.95?9293 
99541834 

9-9544374 


16.0488666 
10.0486124 
10.048358] 
10.0481039 

10.0476497 

10.0475955 
'0.047^413 

10.04708721 

10.0468330. 


103 

10-1262156 
10.1263278 
10.1264401 
10.126552^ 
10.1266648 

10.1267773 
iai26889S 
10.1270024 
10.1271151 

10.12722*78 


10.17859271291 

iai7845o<328f 

10.1783074I27J 

»o.i78i649|2( 

^0^17802  2  5|25j 
10.1778802 

^o-«777379 
^^•»77595S 

*o  1 774^37 

'o.i77i65?8  '9 
10.1770279 18 

io.i7688k52j7 
10.1767445  i6 

10.1766020 15 


24 
23 
22 
21 
201 


10.0465789^ 
10.0463248 
100460707 
I  p.045  8 1 66 
10.0455626 


10.1275406  10.1764614P4 

10.1274534J10.1763200P3 
rp.ia75663jio,i76i787|i2 

10.1276793J10.1760374IM 

10.127792^ 

8 

7 

6 


48  Degrees. 


10.1279055 

|iai28oi87 
10.1981319 

bi. 1282452 
101283586 

10.1284721 
ic.128585^ 
10.1286992 
10.1288128 
10.1289265 


»o.i758963|l2 

*Q-1757T52 
10.17^6142 
10,1754733 

10.1753324 
'0.1751917 


CO.1750510 
10,1749104 
10,1747699 
10.1746295 
10.1744691!  o 


SccantjM 


Mki 


A  Table  of  Artificial  Sines 


4-2  Deffees. 


MJ  Sine. 


^.82S6^iap.a709S9- 

"2^7913  ^.870&4^Si 

.    '2S93U?.87073is 

9.836071^9.8706179 

j.8a8aii4  9.870^039 

■f  j^ej^ia  9.8703898 

9-8164910  9. 87027  St 

r82663o7?.87oi6i3 

)-8a677o3  9.87oo47d 

.  9-8a690g8  >.8tf993i6| 

7  p.8270493  9.86981811 

.  j.827i887  9-8697037| 

.  j.8273279?-a69589ij 

4  9.8274.671  ?.869474« 
(  j.8a?fc63  9.8693597 

6p.8277453?-8l59'44'.l 
7J.8278843P.8691301 

5  9.82802JI  9.8690151I 
10  9.8  381619  9.8689002 
to  ).8 283006  9.86878^1 
ii  J.8 284393 9.868670J 
ia?.828, 778  9.8685^48 

3  ?.S267i639.8684396| 

4  9.8388<  47  0.8683242 
ffoS38no9rJ,..itA89oS8 


TaHgents^  and  Secants. 


4^  Degre^^s. 


M  Sine. 


9.8398311 


9.830C966 

9.8)02349 

^^83037 17 

.830^09 

jj;'9.8jo6464 

38*9.8  J^T^J? 

J5I9.8J09209 

,39.83  i33ac 

l4i9.8ji6o^6 
lj'9-83i74J3 
iel9.83i87«9 

189.  .  ,  - 
;9'9.S3«^83 
£09.8324246 
^19X32,609 
;a9.8ja«973 
J9.8328334 
.A).83a969" 
;X833'05' 
;ft&.«3324o8 
;7&.833376'5 
;8fc.8335>22 
199,8336478 
icM33783? 


Jll?^ 


9.8676309  9  9^^"S2s 
9.86751^1'  9962306 
9.867399<  P'9'SasS97 
5.8672833r9-96aBi33 
9.8671673' l?'9'S3°'^69 
9-86705 1 2!  'p-9033'O4 


9.8«S93ii|  9-9635740 
9.86681B9  9-P'53"275 
9-8667^16  ;9*Sl64o8ii 
9.8«6s863'|9-9«43346 
9.8664^99   9-964s'*8i 


9.H66J134  19.96484 
9.8662369  9.961095 
98661203  9-91553486 
9.8660036  ,9-9«l6o20 

9.8658868   9.96^8^5^ 


.8657700  9.9661089 

9,8656531:  '  5 

9.8655362 
9.8654192 

9.36  5  301 1  [ 
9.8651849 
9,8650677 
9.8649504 
9-8648331 
9.86471^6 
9.8645981 


9.8643629 
9.8643412 
9.8«4i275 

Sine. 


9-96I8960 
9.9691493 
9.9694036 
9.9696559 


■o-^-jlPiTi 


10.037693. 

10.037440. 

10.037186: 
0.036933 
0.0366796 


.0.0364361 
1C.036172 
10.0359181 
10.0356654 

o.0354rit 


100351584 
10.034904^ 
10-0346514 
10.034398c 

io.Oj4i44^ 


iorf>3389i 
100336377 

10.0333843 

10.033 13ot; 

IO.032S775 
0.032624; 
0.0323707 
0.0321173 

10.0518641 

IQ.O316K-: 

10.0313^73 
1 0.03  I  104c 
10,0308507 
10.0305974 

rco 30344 

Tang. 


Secanc. 
"112369 


0.1348151 
0.1349323 

350496 

la  19 5 1669 
^52844 
354^19 
.o.i355'P4 
ai356j7i 
3S7U8 
3^8725 


io.i67439iro 
I0.'i7j03d  8 
10.16716691  7 
10.1670309!  6 
'0.166895c.  I  5 
0.166759J  4 
10.1M6294I  3 
10.1664878  : 
10.1663523 
10.1663167  < 

Secant,  m 


47  Degrees: 


A  Table  of  Artificial  Sims. 


43  Degrees. 


iMl  Sine.  \ ^1  Tang, 


SecancJ 


10.0303*44  i||io*i35872^ 


rlrg^ ^9 1^819.8640096;  9.969909J  10.03CO905I  10.135990S 

29.8U0541W.S638917  9.9701624  f0.029837dno.i36to83 
4o,8Hi^94l9-S637737  9'97O4i5'PO.0295849l  io.i362f6> 

^1' Ro.oo>.33.8626«;«;7l  o.97o668,  10.02933 iilUai363443 


i!9.8343a46b.8636557  9-970668, 
^|9^4597p:i^^l376|  9:9709'"'* 


9-83499P4  ^•^<^3o644 

9-8^^  !ii!^94£o] {99731^8-^ 


cc.i662i« 


10.16608145 
10.16594^^5 
to*  165810^57 
10.165675456 


[0.029077911^0*1 3646241  jj>»  1 65  5403 


10.0288246JI  10.1 3<S586ejio  .1654052  54 
.07857141110.1366989110.16527035^ 
,02S3i8il|io.i368i7i  10.165135415^ 


87^ 2688|9-862?'274.  997244 
9-862708819.972694^ 


9»35 
9.8354033 

P.8}5')378 
1419.8356722 


9-8625902 
9.8624714 


f  5  9.8 3 5 5066 9:862^3 ^z6 
^9":8^^V862^ 


it 

K 

ic 

2) 
22 

f23 

24 

2e 

2S 
29 

3C 


,.836o750i9-8<^2ii48 

9.83620919-8619958 
,.8363431  9-1^^^767 

;.836477i5^-^^*7576H 


9972947'/ 
^973aco> 

I9  9734S39 

9.973707 ». 
9.973960: 

9.974213: 
9.974466- 
^.974719' 


JJ366109  9.8616383 
p.8367447P*86i5i9o' 

..8368784  9-8613997. 
9.83701219.86128031 
9.837 145  6&.861 1608. 


028065c 
10.0278118 

1 0.0275587 
10.0273055 
0*0270523 
10.0267992 
10.0265461 


ro.136935^ 
iio.  137054'- 


9.974.97  2<f 
P-?752257 
9.9754787 
9.975731S 
9-975984 


:! 


9.8372791  9>86io4i2 

p.8374125  9-86092151 
5,8375  l5S9.|6o8oi8 

3.837679o9r86o682i 
9.8378i229:86o5622.l9^7725oc 

'ISine. 


(0.0262929 

10,026  )39S 

10.0257867 

0.0155336 

10.025280*; 


55 


101371726 
10  1372912 
10.1374098 
10.1375286 
10.1376474 


0*165000^51 
to. 1 648659  50 

10.164731249 

10.16459674^ 
10.164463147 

lo.i643«78l;6 

io.i^4i934|45 


10.0250274 

100247743 

100245213 

100x42682 

10.0240151 


9.9762375 
9.9764909 

9.976744^ 
94976997c 


10.0237621 
10.0235091 

!0.O23256O 

10.02^0030 
10*0227500 

Tang. 


1^.1377662 
.0.1378857 
10.138004^ 
10,1381233 
10.1382424 

jiai  383617 
10.1384810 
10,1 38600  J 
10.1387197 
10.1388392 


IO.l6405y2J44 


1 0*1636^69  41 
10.16352:9540 


10.1389588 

10.1390785 

10.1 39.1 98  2 


10.1394378 


10.1633891  3Q 
1(3,1632553  ji 
10.1631216137 
10.1629879  It 

10.1628544  js 


10.162720913 

10.163587  5B> 

10.16245421} 


10.1393179  10-1623210131 


10.1621878130 


Secant. 


M 


/{6T>e^rees, 


■* 


mm 


TangentSy  and  Secints, 


43  Degr 


ees. 


^  Sine. 

io  9.8378722 

J I  9*^379453 
329-8380783 

539.8382112 

M  9-8383441 
359-8384769 


50 


369.8386096 
37  9.8i87422 
i8  9.8388747 
399.839007-. 
VQ9»899i396 

+  1  9.8392719 
429.8394041 
4B9.8395?6, 
449,8^96684 
4.  sb*  8  3  980c  4 


469.H399323 
+79-^400642 
4^9,^01959 
499.^403276 
9.8404593 


9.8605623 

9*8  604423 
9*86032^3 

9.8602022 

9.860081 

9.8599619 

9.85984T6 
9.8597213 
9*^59600:9 
9.8594804 
9.8593599 


9.8C92393 
9  8591186 
9.8589978 
9.8588770 
9.8587561 


5»  9-840590^ 
529.840722^ 

53  9.840'i537 
549.840985.0 

S59.84SII62 


569.8412474 

579.8413785 
589.8415095 

J9  9*841 64-54 
60  9.841771 3 


9,8586351 
9.8585141 
98583929 
,.8582718 
9.8581505 

9.858:292 
9*8579078 
9.8577863 

9.8576648 
9.8575432 

9.8574215 
9.8572998 
9.8571779 

9.8570561 
9.8569341 


Sine. 


'9.9772500 
I9-977503C 

99777560^ 
9.9780090 

9,978262c 
99785149 
9.9787679 
9.9790109 

9.9792738 
9.979526S 

9-9797797 


I9.9800326 
9.9802856 
9.9805385 
9.9807914 
99810443 


19.9^  *  ^972 
p.9815501 
:9.98i8o3D 
'9.9820559 
'9^3087 

9-9825616 
t9'9828i45 
19.9830673 
'9.9833202 
J9^573o 

9.9838259 
9.9840787 
9.9843315 
9.9845844 
9.9848372 


I 


0.D2275CO 


Secant. 


O.C2  24970 
0.0222440 
0.0219910 

C.02 17380 
0.0214851 


C.02 12321 
0.0  209  79 1 
0.0202762 

0.0204732 
0.0202203 


0-0199674 
0.0 197  144 
0.0194615 
0.0192086 
0.0189557 


0.0187028 

00184499 
0.0181970. 

o.or7944i| 
0.0176913 

0.01 743 '54' 
o.oi7i855{ 

o^o  169327 

0.01667^8 

0.0164270 


0.0161741 

0.0159213 
0.0156685 

0.0154156 
0.0151628 


pTang. 

46  Degrees. 

•    •  m  m _    . ^^.^ 


o. 
o. 
o. 
o. 

0. 

o. 
o. 
o 
o. 
o. 


o. 
o. 
o. 
o. 
a. 


o. 
o. 

c. 
o. 
o. 


o. 

o. 
a 
a 
o* 


101. 

o. 
a 
o. 


0. 


39437^ 


395577 
396777 
397978 
399i75> 

4CC381 

401584 
402787 

403991 

405496 
406401 


407607 
408814 
410022 
411230 
412439^0 


415649! 

41485. 

416071 

41228 

418495 


4 1 9708 
420922 
422137 

423352 
424568 

425785 
427002 
42S221 

429439 
430659I 


o. 

c. 
o. 

0. 

o 

o. 


o, 


o, 
o. 

o. 


0. 

o. 
o. 
a 


o, 
o. 
o. 
o. 
o. 

o. 
o. 
o. 
o. 
o. 


a 
o. 

o. 
o. 
o. 


621878 
620547 

6I92I7 

61788. 
6J6559 

615231 


-i  13904 

6I257S 
61125? 
609928 
6  )86o4 

6o728~'i  19 

605959*8 
60463717 

60331/^^16 
60199615 

600677  14 

59935S13 
598041  12 

59672411 

595407 10 

594092  p 

591777  8 
591463)  7 
5901501  6 

588838- 5 

537526;  4 
586215 

584905 

583596, 
582287  q 


59 

:8 

7 

55 

2? 

22 

I 


3 

2 
1 


Secant,  'm 


A  Table  of  Artificial  !5ww, 


M 


Sine. 


9.«4t77i? 


,9.8421634 


3 
4 
s 

6 


9 
0 


9.842424'. 


p,842554^ 
;.i^42685i 

g|;,S428i54 

,.8429456 

;.8430757 


«4?2057 


7l 

1i 


^9 

2c 

u 

22 
23 
24 
25 
2^ 

27 
28 

29 
30 


y.843465^ 

p-^43595? 
^8 4 3 72 5c 

9. 8498  5  5  7 
^.8439845 

9,^441137 
9.8442432 

9.844372^ 


9.^56934^ 


9.8568121 
9.856690< 
9.856567H 

9.856445*. 
9.856323 


^.8562008 
9-8560784 

9.8515955^ 
9.8558332 

9.8557106 


^.5555878 
9,8554650 

9.8553421 
9.8552192 
9.8550961 

;>.85497  30 
9.8548499 

9.8547266 

9,8546033 

9.8544799 


9.8445018 
9.8446310 
9.844760] 


9,8450181 


9.8543564 
9.8542329 
9.8541093 


9.84488919.8539856 


9.8538619 


9.845 147c '9.8537381 


9.845275^ 
9.8454045 
9-8455332 
9.8456618 


9.8536142 
9.8534902 
9*84^33662 
9.8  5  3M  2 1 

Sine. 


44  Degrees 


9.985C9CC 
9.9853428 

9.9855956 
9-9858484 

9.98610*2 


9,986354c 
9  9866068 

p.98685915 

9.9871123 
9-987365 

9.9876179 
9.9878706 
9-98^1234 

^.9^83761 
9-9886289 

9«98«b8T6 
9.9891 344 
9.9893871 

9.9898926 

9.V901453 
9,99039*1 
9.9906508 

9.9909035 
9'99ti3r6 

9.9914089 
9*99  ^^^i  6 

9.9919143 

9,9921670 

I9.9924197 


0.0149 

0.U14657S 

0,0144044 

9.0141510 

0.0138988 


— <.- 


0.0136460 
0-0133932 
0.0 13 1 404 
0.0128877 
0.0126349 


■  «*  *i 


0.0123821 
0.0121294 
0.0118766 
0.0116239 
0.0113711 


001 1 11 
0.0108656 
0.0106129 
0.0103601 
10.0101074 


aoo98547 
0.0G96019 
0^)093492 
0009096c 
0.0088438 


0*008591 1 
0.0083384 
o.oo8o8f7 
0,0078330 
0.0075803 


Secant. 


0.1430^59 10. 


0.1431879 
0.143310c 
0.1434322 

0*1435545 

0.143676^ 


0.143799 

0.1439216 

0.144044; 

0.144166^^ 

01442894 


0.1A44I22  ,0. 
0.144535c  ,0. 

^•1446575  l->. 
0.144780%  ,0. 

0.1449039  ID. 


0.1450^70  10. 

0.1451501  10. 

0.1452734  10. 

0.1453967  10. 

0.1455201  10. 

0.1456436     10. 

o.i457^fi  ID 
0.1458907  10. 
ai46or44|to. 
ai46t38 


;i 


10. 


;8 


0146261 

0.1465098  10. 
,  Iiai46633fc  ,0. 
10^467579  40. 


Tang. 

45  Degrees. 


10^ 
10. 

tC3. 
O. 

10. 

I  or 
10. 
10. 

fO. 

ro. 


lO. 


58228' 

58':>979|S9 

5796725^ 

578?6^57 
57706156 

5ZiZl?il 

574452I54 

573149*5$ 
57184652 

5705445V 
569243  50 

567943^9 

5666444^ 

565345H7 

564047[ 

56275 


5 


561453-44 

5601^843 
558^^42 

55756S41 
55<^2754C 

5549*2  3? 
553^3^ 
55239937 

5511093^ 

54981^35 


54851  . 

54724^33 

545^5^32 

54466831 

543382  ^c 


Tangents^  and  Secants. 

44-  Threes. 


M 


13 » 


5ine. 


9.84^790^ 


32  9.8459'^^ 
33 

35  9*84030 36L8<2620i. 


^^    ^•8460471 
"^        9.846175- 


3^  9-84643ifiJ9.8524959 

37  5>-840559y9.a$237i3 
3S  9-^466»79 9.8522466 

39  9*8468158  5^.8521218 

40  9'8469436  9.85 19970 

41  9*8470714  JI85T872T 


I 


9.8531179 

9.8529936 

9*8528693 

.8527449 


Tang 


9»9924t97 


42  9-^47i9q^ 

43  9.8473W7 

4t  9-8474U3 
41^  9.8475817 

469.8477091 

47?^478365^„, 

4^  >^-^4796>7  9,8509957 
45  9*848090919:8508702 
5c  9>£482|  80  ^,8  507446 


9.8517471 
9.8516220 

9.8514969 

9,851371^ 

9.8512465 
9*8511211 


5  19,848  345^- 
52  ^.1^484720 

539.8485989 
54^.8487257 


9.8<;o6i90 
9.8504933 
5.8503675 
9.8502417 


5^5  9.8488524  9850^57 


569.8489791 
579.8491057 

58    " 

59 


,,9.849358 
6o|9  84948  f 

Sine. 


9.849^897 
,^,__,,  9.8498^53? 

9,84^925229.8497375 


9.8496113 
V.8494850 

Sine. 


10.0075803 


9.9926724 
9.9929251 
9-9931778 
9  9934305 
9*9936832 

9.9939359 
9*9941886 

9*99444 1 3 
9.9946940 

9*9949466 

?.995i993 
9.995452.0 

9-9957047 

9-9959573 
9.9962100 

9.9964627  io,oo35373 
9*9967 1 J4  If  0.003  2846 
9.9969680  ic.o03032c 


10.0073276 
iaoo70749 
10.0068222 
100065695 
10.0063168 

10.0060641 
10.0058114 
10.0055587 
10.0053060 
10.0050534 

10.004^007 
10.0045480 
10.0042953 
IC.004042; 
10.00379;  t 


Secant  J  I 

,'10.1468821  i-^T^^j^nb 

,10.1470064  idi54o8i2  28 

'5»1539529]27| 
10.15382461261 

10.15369641251 


|io.  1471307 
10.1472551 

10.1473796 

J^H7j^Tfe^37gyi^ 
io.i47.6287Jio.i5344o;J23 

I21 


^^•^^534^10.1533121 
ioa478783,o.i53i842 


10.1480030 


9*9972207 
9.9974734 


9.9977260 

9.9979787 
9.9982314 

9.9984840 

9.9987367 

9*9989893 
9.9992420 
9.9994947 

9-9997473 

lOiOOOOOOO 


10.C027793 

10.Q0?S266 


10.00^2740 
10.0020213 

10.COI7686 
iox:>oi5i6o 
10.0012633 


10.1481279 
10.1482529 
10.148378c 
10.1485031 
^0.1486283 


10.153056420 


ia  1529286 
10.1528009 
10.152673J 

10.1525457 
10.1524183 


!^-;t?z;5i^'<^-^522909i4 

10.1488789  io.i.52i635|»3 


10.9010107 
10.600758c 
10.0005053 
10.00025^7 

IOX)000000 


10.1490043 

to.149129 

10.1492554 

I0.149381C 
10.1495067 
10.1496325 
10.1497^83 
10.1498843 

10.1500103 
tc.1501363 
10.1502625 
lai  503887 

10^505  I5r 


10.1520363(15' 
IO.I519091  ' 
^0.1517820 

10.1516550 
10.1515280 
10.1514011 
10.1512743 

^0.1511476 


45  l^egrees. 


10.1510209 
10^1508943 
10.1507678 
10.1506414 

10.1505150  o 
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